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SUMMARY 
T h i s  r e p o r t  i d e n t i f i e s  t h e  unique aspects  o f  t h e  Centaur D1-A systems and 
subsystems. Centaur performance i s  desc r ibed  i n  terms o f  o p t i m a l i t y  ( p r o -  
p e l l a n t  usage), f l e x i b i l i t y ,  and a i rbo rne  computer requi rements.  Ma jo r  
I-. systems a r e  desc r ibed  n a r r a t i v e l y  w i t h  some numer ica l  d a t a  g i v e n  where i t  may 
be u s e f u l .  03 CJ 
v, 
I 
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INTRODUCT I O N  
The Centaur D1-A launch v e h i c l e  con t inues  t o  be a key element i n  t h e  
N a t i o n ' s  space program. The At las/Centaur and T i tan /Cen tau r  combinat ions have 
boosted i n t o  o r b i t  a v a r i e t y  o f  spacec ra f t  on s c i e n t i f i c ,  l u n a r ,  and p l a n e t a r y  
e x p l o r a t i o n  m iss ions  and E a r t h  o r b i t  m iss ions .  These v e r s a t i l e ,  r e l i a b l e ,  and 
a c c u r a t e  space booster  systems w i l l  c o n t r i b u t e  t o  many s i g n i f i c a n t  space p r o -  
grams w e l l  i n t o  t h e  s h u t t l e  e r a .  
Centaur D1-A  i s  t h e  l a t e s t  ve rs ion  o f  t h e  N a t i o n ' s  f i r s t  high-energy 
c ryogen ic  launch v e h i c l e .  Major improvements i n  a v i o n i c s  and pay load s t r u c -  
t u r e  have enhanced m i s s i o n  f l e x i b i l i t y  and m i s s i o n  success r e l i a b i l i t y .  The 
l i q u i d  hydrogen and l i q u i d  oxygen p r o p e l l a n t s  and t h e  p r e s s u r i z e d  s t a i n l e s s  
s t e e l  s t r u c t u r e  p r o v i d e  a top-performance v e h i c l e .  
C e n t a u r ' s  p r imary  t h r u s t  comes f rom two P r a t t  8, Whitney cons tan t -  
t h r u s t ,  turbopump-fed, r e g e n e r a t i v e l y  cooled,  l i q u i d - f u e l e d  r o c k e t  engines. 
Each RL10A-3-3a engine can generate 16 500 l b  o f  t h r u s t ,  f o r  a t o t a l  t h r u s t  o f  
33 000 l b .  The engines use l j q u i d  hydrogen and l i q u i d  oxygen as p r o p e l l a n t s  
and can make m u l t i p l e  s t a r t s  a f t e r  a l o n g  p e r i o d  i n  space. The i n i t i a l  f l o w  
o f  p r o p e l l a n t s  (gaseous) i s  i g n i t e d  w i t h  a spark i g n i t o r ,  an i n t e g r a l  p a r t  o f  
t h e  engine. 
h e l i u m  b e f o r e  l i f t - o f f  t o  p rec lude  mo is tu re  contaminat ion.  
The engine system and i t s  components a r e  purged w i t h  gaseous 
The Hamil ton-Standard r e a c t i o n  c o n t r o l  engines ( a  t o t a l  o f  1 2  f o r  b o t h  
engines)  p r o v i d e  6 l b  o f  t h r u s t  each. Th rus t  i s  generated by c a t a l y t i c a l l y  
decomposing ( i n  t h e  c a t a l y s t ,  which i s  an i n t e r n a l  u n i t  of  t h e  engine)  t h e  
monopropel lant  hyd raz ine  (N2H4). 
f i r s t  s tage.  
i t  has launched I n t e l s a t s ,  Ploneers,  Mariner-Venus, Fleetsatcoms, Comstars, 
H E A O ' s ,  e t c .  Centaur as t h e  upper stage v e h i c l e  f o r  t h e  T i t a n  I I I E  boos te r  i s  
des ignated as Centaur D1-T . Th is  combinat ion was t h e  launch v e h i c l e  f o r  t h e  
Voyager, V i k i n g ,  and H e l l o s  miss ions.  
Centaur D1-A i s  t h e  des igna t ion  f o r  t h e  model t h a t  f l i e s  w i t h  t h e  At las-G 
Since t h e  Centaur D1-A became o p e r a t i o n a l  i n  1973 ( w i t h  AC-30) 
The At las-G has i n c o r p o r a t e d  t h e  l a t e s t  improvements i n  p r o p u l s i o n ,  t ank  
l e n g t h ,  and v a r i o u s  subsystems. The A t l a s  l i n e a g e  t r a c e s  back t o  t h e  A t l a s  
weapon system. 
o f  t o d a y ' s  advanced boos te rs  f o r  Centaur.  
These improvements and m o d i f i c a t i o n s  have updated A t l a s  t o  one 
Immediate predecessors t o  At las-G/Centaur D1-A  were t h e  A t l a s  
SLV-3D/Centaur D1-A and t h e  A t l a s  SLV-3C/Centaur D. T h e i r  achievements 
i n c l u d e  t h e  launches o f  Surveyor,  t h e  A p p l i c a t i o n s  Technology S a t e l l i t e ,  
O r b i t i n g  Astronomical  Observa to r ies ,  Mar ine r  Mars ' 6 9  and '71,  I n t e l s a t s ,  and 
Pioneer F . 
Avi  o n i  cs 
The Centaur D1-A a v i o n i c  system i n t e g r a t e s  many former hardware f u n c t i o n s  
i n t o  t h e  a i rbo rne  computer so f tware :  d i g i t a l  a u t o p i l o t ,  maneuvering a t t i t u d e  
c o n t r o l ,  sequencing, t e l e m e t r y  f o r m a t t i n g ,  p r o p e l l a n t  management, and guidance 
and n a v i g a t i o n .  T h i s  r e s u l t s  i n  a f l e x i b l e  system t h a t  i s  r e a d i l y  adaptable 
t o  m i s s i o n  o r  v e h i c l e  changes. M o s t  o f  t h e  a v i o n i c s  a r e  l o c a t e d  on t h e  
fo rward  equipment module. 
The pr imary o b j e c t i v e  o f  t h e  Centaur Dl--A a v i o n i c s  i s  t o  p l a c e  t h e  space- 
c r a f t  i n t o  i t s  p r e s c r i b e d  coo rd ina tes  w h i l e  m a i n t a i n i n g  h i g h  r e l i a b i l i t y  i n  
a l l  a f f e c t e d  subsystems. The f l i g h t - p r o v e n  hardware f rom which i t  i s  d e r i v e d  
has a h i g h  l e v e l  o f  m a t u r i t y .  The use o f  e x i s t i n g  hardware and procedures 
reduces t h e  number o f  c r i t i c a l  paths i n  t h e  development schedule f o r  new 
m iss ions  and minimizes t h e  unknowns assoc ia ted  w i t h  i n t e g r a t i n g  a f l i g h t -  
booster  s tage  or pay load i n t o  t h e  Centaur D1-A systems. 
System E f f e c t i v e n e s s  
The Centaur D1-A system e f f e c t i v e n e s s  o b j e c t i v e  i s  t o t a l  m i s s i o n  
success - s p e c l f i c a l l y  t h e  e l i m i n a t i o n  o f  launch scrubs, m i s s i o n  f a i l u r e s ,  o r  
m i s s i o n  degradat ion - a t  t h e  l owes t  c o s t .  To meet t h i s  o b j e c t i v e ,  NASA Lewis 
management techniques and systems have been adapted t o  t h e  s p e c i f i c  Centaur 
m i s s i o n  requirements.  These techniques concen t ra te  on p r e s e r v i n g  system 
s a f e t y  and h igh  performance margins,  as w e l l  as t h e  r e l i a b i l i t y  i n h e r e n t  i n  
t h e  Centaur design and assoc ia ted  equipment. 
R e l i a b i l i t y  
The Centaur i s  u n i q u e l y  q u a l i f i e d  ( i . e . ,  i t  e x i s t s ,  i t  has been q u a l i -  
f i e d ,  and i t  has been space proven many t i m e s )  and i s  i n h e r e n t l y  a r e l i a b l e  
h igh-energy upper stage v e h i c l e .  I t s  ex t reme ly  h i g h  i n h e r e n t  des ign  r e l i -  
a b i l i t y  i s  t h e  r e s u l t  o f  t h e  f o l l o w i n g :  
( 1 )  The baslc a v i o n i c  u n i t s  a r e  b u i l t  f r om t h e  h i g h e s t  q u a l i t y  e l e c t r i c a l  
and e l e c t r o n i c  p a r t s  a v a i l a b l e  and under t h e  s u p e r v i s i o n  o f  NASA Lewis eng i -  
n e e r i n g  c o n t r o l .  
( 2 )  Rigorous f a i l u r e  modes and e f f e c t s  analyses were performed as an 
i n t e g r a l  p a r t  o f  t h e  des ign  process.  The b a s i c  t h r u s t  o f  t h i s  process was t o  
i d e n t i f y  f a i l u r e s  and t o  ensure t h a t  t h e i r  p r o b a b i l i t y  o f  occurrence o r  e f f e c t  
I s  min imized.  
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( 3 )  A r i g o r o u s  and demanding q u a l i f i c a t i o n  program (component and v e h i c l e  
l e v e l )  i n v o l v i n g  e x t e n s i v e  t e s t i n g  has been completed by NASA Lewis.  
Any q u a l i f i c a t i o n  f a i l u r e s  were t h e  impetus f o r  hardware and system 
redesign.  High i n h e r e n t  r e l i a b i l i t y  has been, and w i l l  c o n t i n u e  t o  be, 
assured by a d e t a i l e d  and comprehensive f a l l u r e - t r a c k i n g  system. T h i s  system 
r e q u i r e s  t h a t  a l l  major and c r i t l c a l  f a i l u r e s  be rev iewed f o r  adequacy o f  c o r -  
r e c t i v e  a c t i o n  by b o t h  NASA Lewis and t h e  c o n t r a c t o r ' s  f a i l u r e  r e v i e w  board.  
CENTAUR A V I O N I C S  
The a v i o n i c s  i n c l u d e  t h e  e l e c t r o n i c  and e l e c t r i c a l  hardware used t o  p e r -  
f o r m  a l l  computat ion,  s i g n a l  c o n d i t i o n i n g ,  da ta  process ing,  and so f tware  f o r -  
m a t t i n g  assoc ia ted  w i t h  n a v i g a t i o n ,  guidance, c o n t r o l ,  d a t a  management, and 
p r o p e l l a n t  management. The a v i o n i c s  a l s o  p r o v i d e  t h e  communications between 
Centaur and t h e  ground s t a t i o n s  and c o n t r o l  t h e  e l e c t r i c  power d i s t r i b u t i o n .  
Centaur a v i o n i c s  c o n s i s t  o f  t h e  f o l l o w i n g  subsystems: 
Guidance and n a v i g a t i o n  
Data management 
Th rus t  v e c t o r  c o n t r o l  
Telemetry and i n s t r u m e n t a t i o n  
C-band t r a c k i n g  
Range s a f e t y  command 
E l e c t r i c  power 
Veh ic le  sequencing c o n t r o l  
Propellant/pressurization management and c o n t r o l  
D i g i t a l  computer u n l t  sof tware 
Guidance and N a v i g a t i o n  Subsystem 
Centaur uses an Ear th -cen te red  i n e r t i a l  guidance and n a v i g a t i o n  system t o  
f u r n i s h  measurements o f  angu la r  ra tes ,  l i n e a r  a c c e l e r a t i o n s ,  and o t h e r  sensor 
da ta  t o  t h e  da ta  management subsystem f o r  a p p r o p r i a t e  p rocess ing  by t h e  s o f t -  
ware r e s i d e n t  i n  t h e  d i g i t a l  computer u n i t  (DCU). The Honeywell  guidance and 
n a v i g a t i o n  subsystem ( c a l l e d  t h e  i n e r t i a l  measurement group, I M G )  c o n s i s t s  o f  
an i n e r t i a l  r e f e r e n c e  u n i t  ( IRU),  which con ta ins  a fou r -g imba l ,  g y r o s t a b i l i z e d  
p l a t f o r m  t h a t  supports t h e  or thogonal  accelerometers,  and an e l e c t r o n i c s  
u n i t .  The e l e c t r o n i c s  p r o v i d e  cond i t i oned  power, g imbal s t a b i l i z a t i o n ,  gyro-  
t o r q u i n g ,  synch ron iza t i on ,  and t h e  necessary computer i n t e r f a c e s  f o r  t h e  i n e r -  
t i a l  sensors.  The I M G  a l s o  measures a c c e l e r a t i o n  and p rov ides  a t i m e  r e f e r -  
ence t o  t h e  DCU f o r  n a v i g a t i o n  computations. 
The n a v i g a t i o n  f u n c t i o n  i s  t o  measure sensed a c c e l e r a t i o n ,  compute g rav -  
i t y  c o n t r i b u t i o n s  t o  v e h i c l e  a c c e l e r a t i o n ,  determine t ime ,  and i n t e g r a t e  t h e  
n e t  v e h i c l e  a c c e l e r a t i o n s  I n  o r d e r  t o  m a i n t a i n  cont inuous va lues o f  p o s i t i o n  
and v e l o c i t y .  The re fe renced  i n e r t i a l  c o o r d i n a t e  system i s  ma in ta ined  I n  t h e  
I R U  by gyros mounted on a p l a t f o r m .  The p l a t f o r m ,  t h e  i n n e r  gimbal o f  a f o u r -  
g imbal assembly, i s  k e p t  f i x e d  i n  space by t h e  movement o f  t h e  o u t e r  g imbals  
w i t h  r e s p e c t  t o  i t ,  each o t h e r ,  and the  v e h i c l e .  The p l a t f o r m  i t s e l f  has 
u n l i m i t e d  three-degrees-of-freedom movement. I f  t h e  p l a t f o r m  r o t a t e s  f rom t h e  
i n e r t i a l  re ference,  t h e  gyros sense t h i s  and p u t  o u t  an e r r o r  s i g n a l .  The 
e r r o r  s i g n a l  i s  t hen  used t o  d r i v e  t h e  p l a t f o r m  back t o  i t s  p roper  
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o r i e n t a t i o n .  
o r t h o g o n a l l y  mounted one-degree-of-freedom gyros t h a t  d r i v e  t h e  a p p r o p r i a t e  
gimbal through r e s o l v e r s  and t o r q u e  motors.  No r e s o l v i n g  o f  t h e  W ( i n n e r )  
gy ro  o u t p u t  i s  r e q u i r e d  s i n c e  t h e  W a x i s  i s  f i x e d  i n  space by t h e  i n n e r  
m i d d l e  and outer m i d d l e  g imbals .  
I n  responses t o  d i s tu rbances  t h e  p l a t f o r m  i s  s t a b i l i z e d  by t h r e e  
The I M G  i s  c a l i b r a t e d  and a l i g n e d  b o t h  i n  t h e  f a c t o r y  and on t h e  launch 
pad. 
n a v i g a t i o n  sof tware t o  determine t h e  c u r r e n t  s t a t e  v e c t o r .  
The n a v i g a t i o n  f u n c t i o n  i s  i n i t i a l i z e d  a t  l i f t - o f f  and i n t e g r a t e d  i n  t h e  
Centaur uses an e x p l i c i t  guidance a l g o r i t h m  t o  generate t h r u s t  s t e e r i n g  
commands, engine i g n i t i o n  and shutdown t imes, and r e a c t i o n  c o n t r o l  system 
(RCS) v e r n i e r  t h r u s t  c u t o f f  t i m e s .  Before each engine i g n i t i o n  and each R C S  
v e r n i e r  t h r u s t  c u t o f f ,  t h e  v e h i c l e  i s  o r i e n t e d  t o  a t h r u s t  a t t i t u d e  based on 
nominal performance. Dur ing  each engine bu rn  t h e  commanded a t t i t u d e  i s  
a d j u s t e d  t o  compensate f o r  b u i l d u p  o f  p o s i t i o n  and v e l o c i t y  e r r o r s  due t o  o f f -  
nominal engine performance (e.g. ,  t h r u s t  s p e c i f i c  impu lse )  and uncompensated 
gy ro  d r i f t s .  Th is  ad justment  i s  based on t h e  c u r r e n t  s t a t e  v e c t o r  as d e t e r -  
mined f rom the n a v i g a t i o n  f u n c t i o n  and t h e  d e s i r e d  f i n a l  d r i f t .  Residual  
e r r o r s  3a r e s u l t i n g  f rom engine burns and shutdowns a r e  compensated f o r  by 
c a l c u l a t e d  v a r i a t i o n s  i n  t h e  i n j e c t i o n  module heading and t h e  f i r i n g  t i m e .  
A t t i t u d e  c o n t r o l  i n  response t o  guidance commands i s  p r o v i d e d  by t h r u s t  
v e c t o r  c o n t r o l  (TVC) d u r i n g  powered f l i g h t  and by R C S ' s  d u r i n g  coas t .  The 
measured a t t i t u d e  f rom t h e  guidance and n a v i g a t i o n  subsystem i s  compared w i t h  
t h e  guidance commands t o  generate e r r o r  s i g n a l s .  Dur ing  engine bu rn  these 
e r r o r  s i g n a l s  d r i v e  the  engine se rvoac tua to r  e l e c t r o n i c s  i n  t h e  T V C  sub- 
system. The r e s u l t i n g  engine d e f l e c t i o n  produces t h e  d e s i r e d  a t t i t u d e  c o n t r o l  
torques i n  p i t c h ,  yaw, and r o l l .  R o l l  c o n t r o l  i s  a l s o  ma in ta ined  by t h e  R C S  
r o l l - a x i s  t h r u s t e r s .  Dur ing  coas t  f l i g h t  t h e  e r r o r  s i g n a l s  a r e  processed i n  
t h e  DCU t o  generate RCS t h r u s t e r  commands w i t h  which t o  m a i n t a i n  v e h i c l e  a t t i -  
tude o r  t o  maneuver t h e  v e h i c l e .  The coast-phase a t t i t u d e  commands a r e  d i g i -  
t a l  o n / o f f  commands sent  f rom t h e  DCU t o  t h e  sequence c o n t r o l  u n i t  ( S C U ) .  
Sequence i s  c o n t r o l l e d  by torques p rov ided  by 12 monopropel lant  N2H4 
t h r u s t e r s .  The t h r u s t e r s  a r e  f i r e d  i n  s h o r t  b u r s t s  t o  h o l d  t h e  v e h i c l e  i n  a 
ra te-d isp lacement  l i m i t  c y c l e .  The SCU r e l a y s  p r o v i d e  t h e  necessary a t t i t u d e  
c o n t r o l  sw i t ch ing .  
Data Management Subsystem 
The data management subsystem ( t h r o u g h  t h e  DCU) per forms t h e  computat ion,  
da ta  processing, and s i g n a l  c o n d i t i o n i n g  assoc ia ted  w i t h  guidance, n a v i g a t i o n ,  
and c o n t r o l ;  safe/arming and f i r i n g  o f  t h e  p y r o  dev i ces ;  c o n t r o l l e d  v e n t i n g  
and p r e s s u r i z a t i o n  ( C C V A P S ) ;  p r o p e l l a n t  u t i l i z a t i o n  ( P U ) ;  t e l e m e t r y  f o r m a t t i n g  
and da ta  f l o w  between remote sources and t h e  p u l s e  code modu la t i on  (PCM) 
t r a n s m i t t i n g  equipment; and issuance o f  v e h i c l e  events and commands t o  t h e  SCU 
f o r  proper  sw i t ch  on /o f f  t imes .  I t  a l s o  i ssues  d i s c r e t e s ,  i n c l u d i n g  space- 
c r a f t  d i s c r e t e s  o f  any d e s i r e d  p u l s e  w i d t h  d u r a t i o n .  These d i s c r e t e s  can be 
made t w o - f a u l t  t o l e r a n t  by s e l e c t i o n .  
The DCU i s  a modular, general-purpose d i g i t a l  computer manufactured by 
Teledyne. I t  i s  a 16 384-word, 2 4 - b i t  random-access co re  machine. The memory 
i s  d i v i d e d  i n t o  two d i s t i n c t  t ypes .  One t y p e  c o n s i s t s  of 12K words o f  non- 
a l t e r a b l e  memory (memory t h a t  cannot be a l t e r e d  on t h e  v e h i c l e  b u t  can be 
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changed w i t h  s p e c i a l  t e s t  equipment a t  t h e  f a c t o r y ) .  Th i s  I s  t h e  p o r t i o n  o f  
memory i n  which t h e  o p e r a t i o n a l  f l i g h t  so f tware  r e s i d e s .  The o t h e r  t y p e  o f  
memory c o n s i s t s  o f  4K words o f  a l t e r a b l e  random-access memory capable o f  con- 
t a i n i n g  f l i g h t  and c a l i b r a t i o n  constants t h a t  can be changed d u r i n g  t h e  launch 
o p e r a t i o n s .  
The D C U ' s  h i g h  speed i s  achieved through f u n c t i o n a l  p a r a l l i s m  i n  t h e  cen- 
t r a l  p rocess ing  u n i t  t h a t  a l l o w s  independent f u n c t i o n a l  u n i t s  w i t h i n  t h e  DCU 
t o  ope ra te  on a common r e g i s t e r  f i l e .  Up t o  f i v e  i n s t r u c t i o n s  a t  d i f f e r e n t  
stages o f  execu t ion  can be handled s imul taneously .  For example, t h e  DCU i s  
p h y s i c a l l y  and f u n c t i o n a l l y  d i v i d e d  i n t o  f o u r  s e c t i o n s :  t h e  l o g i c  s e c t i o n ,  
t h e  c o r e  memory module, t h e  analog conver te r  modules, and t h e  power supply .  
From e x t e r n a l  sources t h e  l o g i c  sec t i on  r e c e i v e s  v e l o c i t y ,  ground suppor t  
equipment da ta  l i n k ,  and t i m i n g  da ta  i n  t h e  f o r m  o f  d i s c r e t e s ,  s e r i a l  da ta ,  
i nc remen ta l  da ta ,  and r e a l  c l o c k  i n f o r m a t i o n .  The l o g i c  s e c t i o n  a l s o  p rov ides  
c o n t r o l  d a t a  and PCM da ta  t o  e x t e r n a l  systems i n  t h e  fo rm o f  d i s c r e t e s  and 
whole-word da ta .  The co re  memory module senses, decodes, and s t o r e s  i n f o r -  
ma t ion  p r o v i d e d  by t h e  l o g i c  module. The analog c o n v e r t e r  module rece ives  
analog d a t a  f rom e x t e r n a l  u n i t s  and conver ts  d i g i t a l  d a t a  i n t o  ac and dc 
analog d a t a  o u t p u t  s i g n a l s .  The i n p u t / o u t p u t  ( I / O )  s e c t i o n  handles t h e  s i g n a l  
conve rs ion  necessary between t h e  DCU and o t h e r  system i n t e r f a c e s .  
The DCU uses t h e  o p e r a t i o n a l  f l i g h t  so f tware  t o  p e r f o r m  i n - f l i g h t  ca l cu -  
l a t i o n s  and t o  i n i t i a t e  v e h i c l e  t h r u s t  and a t t i t u d e  f u n c t i o n s  necessary t o  
gu ide  t h e  Centaur payload th rough  a predetermined f l i g h t p a t h  t o  f i n a l  o r b i t .  
Th i s  s t o r e d  program, i n c l u d i n g  d a t a  known as t h e  onboard d a t a  load,  i s  loaded 
i n t o  t h e  D C U ' s  n o n a l t e r a b l e  memory a t  t h e  f a c t o r y ,  v e r i f i e d  th rough  v a r i o u s  
f l i g h t  a c c e l e r a t i o n  system t e s t s ,  and checked o u t  a t  t h e  f a c t o r y  and d u r i n g  
sof tware-acceptance runs.  
Th rus t  Vector C o n t r o l  Subsystem 
The t h r u s t  v e c t o r  c o n t r o l  (TVC) subsystem i s  t h e  i n t e r f a c e  between t h e  
Centaur guidance and n a v i g a t i o n  subsystem and t h e  Centaur main-engine gimbaled 
p l a t f o r m s  f o r  p o w e r e d - f l i g h t  a t t i t u d e  c o n t r o l .  
Centaur main-engine T V C  i s  based on analog v e h i c l e  a t t i t u d e  e r r o r s  
r e c e i v e d  by t h e  DCU f rom t h e  I M G .  
a u t o p i l o t  sof tware i n  t h e  DCU, which accepts t h e  I M G  a t t i t u d e  e r r o r s  and d i f -  
f e r e n t i a t e s  them t o  o b t a i n  v e h i c l e  ra tes and t h e  d e s i r e d  engine a c t u a t o r  com- 
mands. The analog engine commands are sent  f r o m  t h e  DCU t o  t h e  s e r v o i n v e r t e r  
u n i t  ( S I U ) ,  where they a r e  power a m p l i f i e d .  These commands send c o n t r o l  s i g -  
n a l s  t o  servovalves o f  t h e  h y d r a u l i c  a c t u a t o r  assembl ies,  which c o n t r o l  t h e  
f l o w  o f  h y d r a u l i c  f l u i d  t o  t h e  a c t u a t o r .  Feedback t ransducers  c l o s e  the '  
se rvo loop  (back t o  t h e  DCU) and f u r n i s h  p o s i t i o n  i n s t r u m e n t a t i o n .  
These e r r o r s  a r e  generated by t h e  d i g i t a l  
The TVC h y d r a u l i c  system 1s composed o f  two i d e n t i c a l  and comp le te l y  
independent se rvoac tua to r  assembl ies (one mounted on each main eng ine ) .  These 
assembl ies p r o v i d e  t h e  f o r c e  and v e l o c i t y  r e q u i r e d  t o  g imbal  t h e  main engine 
d u r i n g  Centaur powered f l i g h t  i n  accordance w i t h  f l i g h t  c o n t r o l  commands. 
A f t e r  Centaur s e p a r a t i o n  t h e  h y d r a u l i c  r e c i r c u l a t i o n  motors a r e  tu rned  on t o  
supply  t h e  h y d r a u l i c  pressure t o  p r e p o s i t i o n  t h e  main engines b e f o r e  engine 
s t a r t .  A f t e r  main-engine c u t o f f  (MECO) and a f t e r  pay load s e p a r a t i o n  t h e  
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h y d r a u l i c  r e c i r c u l a t i o n  pumps ( l o w  p ressu re )  a r e  used t o  gimbal t h e  engines s o  
t h a t  t h r u s t  f rom r e s i d u a l  p r o p e l l a n t s  f l o w i n g  th rough  t h e  engines can a i d  i n  
t h e  retromaneuver. 
Telemetry and I n s t r u m e n t a t i o n  Subsystem 
The PCM te lemet ry  subsystem i s  used t o  ga the r  v e h i c l e  performance i n f o r -  
ma t ion  and t r a n s m i t  these da ta  t o  t h e  ground m o n i t o r i n g  s t a t i o n s .  
t e l e m e t r y  components a r e  t h e  PCM encoder ( i n  t h e  D C U ) ,  an S-band phase- 
modulated t r a n s m i t t e r  (2200 t o  2300 MHz), a r i n g  coup le r ,  two antennas, i n t e r -  
connec t ing  harnesses, and t r a n s m i s s i o n  l i n e s .  
The major  
The c e n t r a l  c o n t r o l  u n i t ,  p a r t  o f  t h e  DCU, ga the rs  d i g i t a l  s i g n a l s  f rom 
t h e  DCU and t h e  remote m u l t i p l e x e r  u n i t  (RMU) .  These s i g n a l s  a r e  combined 
s e r i a l l y  t o  fo rm the  PCM d i g i t a l  p u l s e  t r a i n ,  which modulates t h e  S-band 
t r a n s m i t t e r  and i s  hard w i r e d  ( l a n d  l i n e )  I n  p a r a l l e l  t o  t h e  PCM ground 
s t a t i o n .  The c e n t r a l  c o n t r o l  u n i t  commands t h e  RMU t o  sample t h e  measurement 
s i g n a l s  a t  a predetermined sequence and r a t e .  I t  determines t h e  fo rma t  
(sequence o f  measurement addresses) by read ing  and i n t e r p r e t i n g  a segment o f  
t h e  DCU memory. 
c o n t r o l  u n i t  i n  the o r d e r  o f  t h e  fo rma t  addresses. The PCM b i t  stream goes 
d i r e c t l y  t o  t h e  t r a n s m i t t e r  and b e f o r e  launch by l and  l i n e  t o  t h e  PCM ground 
s t a t ?  on. 
Measurements a r e  p u t  on t h e  PCM b i t  stream by t h e  c e n t r a l  
The r i n g  coupler  accepts t h e  o u t p u t  o f  t h e  S-band t r a n s m i t t e r  and d i v i d e s  
t h e  power e q u a l l y  t o  t h e  two antennas. The r i n g  c o u p l e r  i s  l o c a t e d  on t h e  
equipment module. Thus w i t h  t h e  power be ing  s p l i t  and f e e d i n g  b o t h  antennas, 
ground coverage i s  e x c e l l e n t .  
The antennas accept  t h e  rad io f requency  (RF) energy and r a d i a t e  i t  i n  an 
o m n i d i r e c t i o n a l  p a t t e r n .  Both antennas a r e  mounted on t h e  v e h i c l e ' s  s t u b  
adapter .  
The i n s t r u m e n t a t i o n  and t e l e m e t r y  f u n c t i o n  can be c o n f i g u r e d  t o  match t h e  
v e h i c l e  o r  miss ion.  As many as 1536 measurements can be i n d i v i d u a l l y  
addressed. DCU i n t e r n a l  da ta  can a l s o  be addressed. Each PCM da ta  word has 
e i g h t  b i t s .  Analog s i g n a l s  a r e  conver ted t o  d i g i t a l  by e i g h t - b i t  c o n v e r t e r s  
t h a t  cover t h e  s igna l  range be ing  s e r v i c e d  ( l o w ,  medium, o r  h i g h ) .  The s i g n a l  
c o n d i t i o n e r s  resca le  s i g n a l s  n o t  l y i n g  reasonably  w i t h i n  one o f  these ranges 
t o  match a range. Events a r e  grouped i n  c l u s t e r s  o f  e i g h t ,  a l l  o f  which a r e  
r e p o r t e d  when t h a t  group i s  addressed. 
Fo rmat t i ng ,  o r  t h e  sequencing o f  PCM addresses, i s  done by programming a 
ded ica ted  area of DCU memory. Up t o  f o u r  formats can be s to red ,  and t h e  one 
i n  use a t  any t i m e  i s  s e l e c t e d  by t h e  DCU program b e i n g  executed. The maximum 
s e l e c t a b l e  b i t  r a t e  i s  267K b i t s  per  second. T h i s  n o n - r e t u r n - t o - z e r o  PCM 
s i g n a l  has 2 4 0  e i g h t - b i t  words per frame c o n t a i n i n g  guidance, n a v i g a t i o n ,  and 
c o n t r o l  parameters handled by t h e  DCU. The parameters a r e  sampled a t  v a r i o u s  
r a t e s .  A d d i t i o n a l l y  t h e  PCM e i g h t - b i t  word frames ( 2 4  frames t o  a d a t a  c y c l e )  
c o n t a i n  t h e  analog ou tpu ts  and b i l e v e l  s t a t u s  sampled f r o m  d i f f e r e n t  equipment 
and t ransducers  ( l o c a t e d  throughout  t h e  v e h i c l e )  a t  v a r i o u s  r a t e s .  
The PCM te lemet ry  c h a r a c t e r i z e s  t h e  i n s t r u m e n t a t i o n  f u n c t i o n  on Centaur.  
Measurements t h a t  a r e  n o t  d i g i t a l  a r e  conver ted t o  d i g i t a l  r e p r e s e n t a t i o n s  
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b e f o r e  t ransmiss ion .  Measurements o f  seve ra l  types a r e  accommodated by s i g n a l  
c o n d i t i o n e r s  t h a t  c o n v e r t  measurements t o  v o l t a g e s  usab le  by t h e  PCM f o r -  
m a t t i n g  hardware i n  t h e  DCU. 
l e c t s ,  d i g i t i z e s ,  and sends t o  t h e  ground measurements made on t h e  a i r b o r n e  
systems i n  o r d e r  t o  e s t a b l i s h  t h e  f l i g h t  readiness o f  t h e  onboard Centaur 
systems d u r i n g  p re launch  opera t i ons  and f o r  p o s t f l i g h t  a n a l y s i s .  
The i n s t r u m e n t a t i o n  and t e l e m e t r y  f u n c t i o n  c o l -  
Measurements, made d i r e c t l y  or  by t ransducers ,  a r e  c o l l e c t e d  by t h e  RMU. 
Analog s i g n a l s  a r e  scaled by t h e  s igna l  c o n d i t i o n e r s  b e f o r e  reach ing  t h e  
RMU's, where they  a r e  d i g i t i z e d .  Event s i g n a l s  go d i r e c t l y  t o  t h e  R M U ' s .  The 
R M U ' s  i d e n t i f y  s i g n a l s  by addresses and when addressed by t h e  DCU ( o r  CCU) 
send these  measurements t o  t h e  DCU ( o r  C C U ) .  
The RMU i s  t a i l o r e d  t o  i t s  requirement by t h e  i n c l u s i o n  o r  omiss ion o f  
c i r c u i t  boards t h a t  s e r v i c e  t h e  var ious types o f  s i g n a l s .  The RMU c o n t a i n s  
a n a l o g - t o - d i g i t a l  (A/D) conver te rs ,  r e g i s t e r s ,  l o g i c ,  and power s u p p l i e s .  
A d d i t i o n a l  measurements can be accommodated by adding c i r c u i t  boards o f  RMU's 
and e x t r a  s i g n a l  c o n d i t i o n e r s  and by i n c l u d i n g  these measurements i n  t h e  PCM 
fo rma t .  
The PCM s i g n a l  c o n d i t i o n e r s  t r a n s f o r m  a v a r i e t y  o f  s i g n a l s  i n t o  s tandard 
s i g n a l s  r e q u i r e d  by t h e  RMU and supply e l e c t r i c  power o r  e x c i t a t i o n  t o  t h e  
t ransducers ,  as r e q u i r e d .  The s igna l  c o n d i t i o n e r s  have a complement o f  con- 
d i t i o n i n g  components capable o f  s a t i s f y i n g  l o c a l  t ransducer  e x c i t a t i o n  and 
measurement t r a n s f o r m a t i o n  ( i . e . ,  a t t e n u a t i o n ,  d i s c r i m i n a t i o n ,  and presampl ing 
f i l t e r i n g ) .  Transducer e x c i t a t i o n  i s  p r o v i d e d  so t h a t  an ove r load  i n  one 
t ransducer  w i l l  n o t  adve rse l y  a f f e c t  t h e  e x c i t a t i o n  o f  t h e  o t h e r .  The s i g n a l  
c o n d i t i o n e r s ,  l i k e  t h e  RMU, a r e  t a i l o r e d  t o  t h e i r  s p e c i f i c  t asks .  They con- 
t a i n  t h e  c i r c u i t r y  t o  conver t  measurements t o  s i g n a l  v o l t a g e s  compa t ib le  w i t h  
t h e  analog ranges a v a i l a b l e  i n  the DCU. 
Transducers (such as c r y s t a l s  and diaphragms) sense p h y s i c a l  phenomena 
changes (such as pressure,  temperature, and s t r a i n )  i n  Cen tau r ' s  behav io r  by 
c o n v e r t i n g  t h i s  energy i n t o  an e l e c t r i c a l  s i g n a l .  The t ransducers  a c t i v a t e  
e l e c t r i c a l  c i r c u i t s  t o  which they a r e  coupled, caus ing a change i n  t h e  c i r -  
c u l t ' s  o u t p u t  s i g n a l .  The change i n  e l e c t r i c a l  s i g n a l  i s  on a one-to-one 
b a s i s  f o r  t h e  p a r t i c u l a r  parameter be ing  moni tored.  Transducers a r e  s e l e c t e d  
f r o m  a s tandard l i s t  t o  c o n v e r t  p h y s i c a l  measurements i n t o  corresponding 
vo l tages .  
Dur ing  checkout and launch t h e  PCM elements o f  t h e  i n s t r u m e n t a t i o n  and 
t e l e m e t r y  systems a re  checked out  by t h e  compu te r -con t ro l l ed  launch s e t  (CCLS) 
th rough  t h e  PCM d a t a  s t a t i o n  ( u s i n g  t h e  l a n d - l i n e  l i n k  t o  t h e  DCU) and t h e  PCM 
down l ink .  Radiofrequency te lemet ry  s i g n a l  r a d i a t i o n  t o  l o c a l  ground s t a t i o n s  
i s  r e q u i r e d  t o  v e r i f y  f l i g h t  readiness o f  t h e  t e l e m e t r y  system and v e h i c l e .  
E l e c t r i c  Power Subsystem 
The Centaur v e h i c l e  e l e c t r i c  power system c o n s i s t s  p r i m a r i l y  o f  a 28-V dc 
main v e h i c l e  b a t t e r y  and i t s  assoc iated power d i s t r i b u t i o n  system. Three 
separate buses d i s t r i b u t e  power from t h e  main v e h i c l e  b a t t e r y  through t h e  
e l e c t r i c a l  harnesses t o  t h e  var ious v e h i c l e  loads. The SCU i s  t h e  f o c a l  p o i n t  
o f  e l e c t r i c a l  bus ing  and d i s t r i b u t i o n .  Th is  u n i t  c o n t r o l s  most o f  t h e  Centaur 
swi tched loads by p r o v i d i n g  r e l a y  c o n t a c t  c l o s u r e  upon commands by t h e  DCU. 
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S w i t c h i n g  requirements a r e  f u l f i l l e d  by t h e  power changeover and arm/safe 
swi tches o f  t h e  SCU. 
power f rom t h e  ground power supply t o  t h e  v e h i c l e .  
i s o l a t e s  v e h i c l e  f u n c t i o n s  t h a t  r e q u i r e  s a f e t y  ( i . e . ,  p y r o t e c h n i c  and engine 
s t a r t ) .  
The power changeover s w i t c h  d i s t r i b u t e s  u n i n t e r r u p t e d  dc 
l h e  arm/safe s w i t c h  
The main v e h i c l e  b a t t e r y ,  a manual ly  a c t i v a t e d  s i l v e r  o x i d e / z l n c  b a t t e r y ,  
i s  l o c a t e d  on the equipment module. 
buses i n  o r d e r  t o  i s o l a t e  equipment t h a t  tends t o  generate e lec t romagne t i c  
i n t e r f e r e n c e  from equipment t h a t  may be s e n s i t i v e  t o  e lec t romagne t i c  i n t e r -  
ference.  For example, loads on bus 1 and bus 2 a r e  p r i m a r i l y  loads t h a t  tend 
t o  be s e n s i t i v e  t o  e lec t romagne t i c  i n t e r f e r e n c e .  Bus 3 s u p p l i e s  power t o  
s w i t c h i n g  loads such as so leno ids ,  r e l a y s ,  and motors.  T h i s  bus c a r r i e s  loads 
t h a t  tend t o  generate e lec t romagne t i c  i n t e r f e r e n c e .  Because t h e  p o s i t i v e  
buses a r e  common o n l y  a t  t h e  b a t t e r y  and t h e  ground power supply  ( t h e  v e h i c l e  
ground p o i n t  i s  i n t e r n a l  t o  t h e  X U ) ,  t h e  need f o r  a f i l t e r  i s  min imized.  
I t  s u p p l i e s  power t o  t h e  t h r e e  separate 
The single-phase i n v e r t e r  i n  t h e  S1U p rov ides  t h e  400 H z ,  26 V ac needed 
t o  supply power t o  t h e  i n s t r u m e n t a t i o n ,  t h e  r a t e  gy ro  u n i t ,  and t h e  p r o p e l -  
l a n t  u t i l i z a t i o n  s e r v o p o s i t i o n e r s .  The i n v e r t e r  a l s o  s u p p l i e s  115 V ac f o r  
use by t h e  PU se rvopos i t i one rs .  
Be fo re  f l i g h t  t h e  v e h i c l e  power i s  s u p p l i e d  by a ground source. The 
power changeover s w i t c h  ( l o c a t e d  i n  t h e  SCU) i s  a c t i v a t e d  b e f o r e  launch and 
connects t h e  i n t e r n a l  power source (main v e h i c l e  b a t t e r y )  t o  t h e  power d i s -  
t r i b u t i o n  system. The power changeover s w l t c h  f e a t u r e s  a make-before-break 
c o n t a c t  arrangement t o  ensure u n i n t e r r u p t e d  power t o  t h e  loads d u r i n g  power 
changeover. 
out  t h e  remainder o f  t h e  m.ission. 
The main v e h i c l e  b a t t e r y  then  con t inues  t o  supply  power through-  
Cen tau r ' s  e l e c t r i c  power system employs a s i n g l e - p o i n t  ground. For 
i n d i v i d u a l  s y s t e m  usage t h e  c u r r e n t  i s  mon i to red  a t  t h e  s i n g l e - p o i n t  ground 
bus i n  t h e  SCU. 
Veh ic le  Sequencing C o n t r o l  Subsystem 
The SCU conta ins t h e  l o g i c  t o  decode DCU sequencing commands ( 2 2 - b i t  pa r -  
a l l e l  word command) and 96 magnet ic l a t c h i n g  r e l a y s .  I t  I s  a l s o  t h e  i n t e r f a c e  
between t h e  DCU output  r e g i s t e r s  and t h e  v e h i c l e  systems r e q u i r i n g  s w i t c h  o r  
t imed commands. The SCU t r a n s m i t s  a l l  sequencing commands t o  t h e  v e h i c l e  sys- 
tems and, i f  so des i red,  16 d i s c r e t e  commands t o  t h e  s p a c e c r a f t .  
The SCU toge the r  w i t h  t h e  DCU performs t h e  necessary t imed sequencing 
f u n c t i o n s  a f t e r  Centaur l i f t - o f f .  The SCU r e c e i v e s  d a t a  f r o m  t h e  DCU as a 
2 2 - b i t  p a r a l l e l  ou tpu t  word and decodes t h e  word t o  ope ra te  o u t p u t  swi tches i n  
groups o f  16 each t i m e  i t  r e c e i v e s  an execute command. S i x  s e q u e n t i a l  i n p u t -  
word s t r o b e  commands a r e  r e q u i r e d  t o  change t h e  s t a t e  o f  a l l  96 o u t p u t  
swi tches.  Th is  DCU/SCU i n t e r f a c e  c o n s i s t s  o f  a 2 2 - b i t  r e g i s t e r  and s t r o b e .  
7he SCU r e q u i r e s  bo th  t h e  ze ro - th rough-21 -b i t  command and a s t r o b e  t o  i n t e r -  
p r e t  t h e  s w i t c h  r e g i s t e r  command. Each i n p u t  l i n e  v o l t a g e  i s  compared w i t h  a 
r e f e r e n c e  t o  v e r l f y  i t s  proper  magnitude. The o u t p u t  r e l a y s  a r e  ar ranged i n  a 
6x16 m a t r i x  w i t h  t h e  s e t  o r  r e s e t  c o i l  a t  t h e  c ross  p o i n t s  o f  t h e  row and 
column l i n e s .  They c o n s t i t u t e  t h e  bas i c  SCU memory c a p a b i l i t y .  A l l  l i n e s  
e x i t i n g  t h e  package, except f o r  d i r e c t  ac and dc r e l a y  o u t p u t  l i n e s ,  a r e  
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I s o l a t e d  so t h a t  an e x t e r n a l  s h o r t  t o  ground o r  an open c i r c u i t  w i l l  n o t  over-  
s t r e s s  any package component. 
The m i x  of o u t p u t  (ac  and dc') con tac t  c l o s u r e  i s  designed t o  r u n  t h e  
Centaur v e h i c l e  and t o  f u r n i s h  s u f f i c i e n t  spares t o  accommodate reasonable 
m l s s i o n - p e c u l i a r  changes. I n  a d d i t i o n ,  t h e  SCU per forms a i rbo rne - to -g round  
power changeover and arm/safe func t i ons  on c r i t i c a l  ou tpu ts  th rough  m u l t i p o l e  
mo to r -d r i ven  swi tches.  The arm/safe swi tches p e r m i t  s e l e c t i o n  o f  e i t h e r  t h e  
sa fe  mode f o r  ground t e s t  and opera t i on  o r  t h e  arm mode f o r  ground t e s t  and 
f l i g h t  f o r  Centaur s a f e t y  f u n c t i o n s .  The swi tches a r e  remote l y  operated by 
ground c o n t r o l .  The arm/safe switches a r e  s l n g l e - p o l e ,  double- throw break-  
before-make con tac ts ,  p l u s  a s e t  o f  motor c o n t r o l  and mon i to r  c o n t a c t s .  Diode 
suppress ion i s  employed i n  t h e  arm/safe and r e l a y  o u t p u t s .  A separate system 
i s  r e q u i r e d  t o  separate t h e  spacec ra f t  f rom t h e  Centaur a t  a predetermined 
t ime .  S igna ls  f o r  t h e  s t a r t  o f  spacec ra f t  s e p a r a t i o n  a r e  s u p p l i e d  by t h e  SCU 
through a p y r o t e c h n i c  c o n t r o l  u n i t  t o  t h e  s p a c e c r a f t  i n - f l i g h t  s e p a r a t i o n  
p lane.  Power t o  beg in  s p a c e c r a f t  separa t i on  i s  s u p p l i e d  by t h e  Centaur main 
b a t t e r y .  Th i s  system i s  p a r t  o f  t h e  m i s s i o n - p e c u l i a r  ( m i s s i o n  dependent) 
requi rements.  
The SCU i s  checked o u t  and c a l i b r a t e d  a t  t h e  f a c t o r y  w i t h  s p e c i a l  t e s t  
equipment a t  t h e  u n i t  l e v e l .  Funct ional  t e s t i n g  i s  performed by t h e  CCLS a t  
bo th  t h e  f a c t o r y  and t h e  Eastern Test Range ( E T R ) .  
C-Band Track ing Subsystem 
The C-band t r a c k i n g  subsystem determines t h e  Centaur D 1 - A  r e a l - t i m e  p o s i -  
t i o n  and v e l o c i t y .  The system i s  compat ib le w i t h  t h e  ETR ground system and 
p rov ides  da ta  t o  suppor t  t h e  range sa fe ty  requi rements ( i . e . ,  At las/Centaur  
v e h i c l e  p o s i t i o n  and v e l o c i t y ) .  These d a t a  a r e  used t o  d e s c r i b e  v e h i c l e  pe r -  
fnrmanrp  and t n  FrnvidP real-time p r e d i c t i o n s  t o  S U D D O r t  ranqe Sa fe ty  f l i g h t  
requi rements.  When coded double RF pu lses ( i n t e r r o g a t i o n s )  f rom t h e  p a r t i c i -  
p a t i n g  ground rada r  a r e  rece ived  by t h e  C-band t ransponder  system, an RF p u l s e  
( r e p l y )  on a d i f f e r e n t  f requency i s  t r a n s m i t t e d  a f t e r  a s h o r t ,  f i x e d  de lay  
t ime.  The i n t e r r o g a t i o n  s i g n a l  i s  received a t  t h e  v e h i c l e  by one o r  b o t h  o f  
two antennas mounted on o p p o s i t e  s i d e s  o f  t h e  Centaur t a n k .  The t ransponder  
o u t p u t  s i g n a l ,  a f t e r  d i v i s i o n  by the power d i v i d e r ,  i s  r a d i a t e d  f rom t h e  same 
antennas t o  t h e  rada r  ground s t a t i o n  ( o r  s t a t i o n s ) .  
t r a n s m i s s i o n  o f  t h e  i n t e r r o g a t i n g  radar and r e c e i p t  o f  t h e  C-band t ransponder  
r e p l y  i s  a measure o f  t h e  v e h i c l e  range. A l l  r ada r  ground s t a t i o n s  w i t h i n  
range o f  t h e  v e h i c l e  can i n t e r r o g a t e  t h e  v e h i c l e  t ransponder  c o n t i n u o u s l y  by 
u s i n g  a synchronized, r a p i d ,  sequent ia l  t ime-shar ing  technique.  The round- 
t r i p  t r a n s i t  t i m e  o f  t h e  pu lsed  s igna l  (compensated f o r  beacon d e l a y )  i s  
measured and used by t h e  rada r  computer t o  determine t h e  v e h i c l e  range. 
e l e v a t i o n  and az imuth angles o f  t h e  r e t u r n i n g  s i g n a l  a r e  t r a n s f e r r e d  t o  t h e  
rada r  computers and reco rde rs  d i r e c t l y  f rom e l e v a t i o n  and az imuth s h a f t  
encoders t o  determine t h e  v e h i c l e  l o c a t i o n .  
The t i m e  de lay  between 
The 
The t ransponder  operates i n  a frequency band o f  5400 t o  5900 MHz. The 
power d i v i d e r  i s  a t e e  dev i ce  t h a t  connects t h e  s i g n a l s  f rom t h e  two antennas 
and p r o v i d e s  t h e  i n t e r c o n n e c t i o n s  t o  t h e  t ransponder .  Each antenna can 
r e c e i v e  t h e  i n t e r r o g a t i n g  s i g n a l s  f r o m  ground rada r  and r a d i a t e  t h e  r e p l y i n g  
s i g n a l s  f r o m  t h e  t ransponder .  The antennas p r o v i d e  an o m n i d i r e c t i o n a l  RF 
r a d i a t i o n  p a t t e r n  about t h e  v e h i c l e  i n  f l i g h t .  
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System-level  t e s t s  a r e  performed a f t e r  t h e  i n d i v i d u a l  dual  components a r e  
i n s t a l l e d  on the v e h i c l e .  
Space Systems D i v i s i o n  f a c t o r y  i n  San Diego and a t  t h e  ETR t o  demonstrate 
p roper  ope ra t i on .  
b e f o r e  launch t o  a s c e r t a i n  c o m p a t i b i l i t y  and t o  ensure t h a t  t h e  systems w i l l  
pe r fo rm t h e i r  intended f u n c t i o n s .  
T e s t i n g  I s  performed b o t h  a t  t h e  General Dynamics 
Open-loop t e s t i n g  i s  performed a t  t h e  ETR w l t h  ground rada r  
Range S a f e t y  Command Subsystem 
The range sa fe ty  command (RSC) subsystem te rm ina tes  t h e  f l i g h t  o f  t h e  
Centaur D 1 - A  on command from t h e  ground ( i . e . ,  i f  con t inued  f l i g h t  would 
endanger l i f e ,  p roper t y ,  o r  t h e  i n t e r e s t s  o f  t h e  Government. 
i s  compa t ib le  w i t h  t h e  ETR ground system and i s  comp le te l y  redundant except  i n  
t h e  antenna/hybr id  j u n c t i o n  combinat ion and t h e  e x p l o s i v e  tank  d e s t r u c t o r .  
The RSC system 
The RSC s y s t e m  comprises t h e  RSC b a t t e r i e s ,  two antennas, a power c o n t r o l  
u n i t ,  two command d e s t r u c t  r e c e i v e r s ,  a h y b r i d  j u n c t i o n ,  an arm/safe i n l t i a -  
t o r ,  an e x p l o s i v e  d e s t r u c t  charge, and a m i l d  d e t o n a t i n g  f u s e  assembly. 
The RSC system r e c e i v e s  and decodes range s a f e t y  commands f rom t h e  ETR 
command ground t r a n s m i t t e r s .  
c a r r i e r  frequency, and o p e r a t i o n  sequences a r e  e s t a b l i s h e d  by t h e  E T R .  
Command-code tones a re  used I n  v a r i o u s  combinat ions t o  e s t a b l i s h  a M E C O ,  a 
d e s t r u c t ,  o r  an RF d i s a b l e  as f o l l o w s :  
The command-code tone modu la t i on  f requency,  
( 1 )  MECO:  Th is  command c u t s  o f f  t h e  Centaur D 1 - A  main engines i n  
response t o  an RF command ( M E C O )  t hus  imposing a c o n d i t i o n  o f  zero t h r u s t  o r  
p r e v e n t i n g  t h e  s t a r t i n g  o f  t h e  Centaur main engines. 
( 2 )  Des t ruc t :  Prov ided t h a t  t h e  MECO command has been rece ived ,  t h i s  
command a c t i v a t e s  t h e  arm/safe i n i t i a t o r  and explodes t h e  e x p l o s i v e  d e s t r u c t  
charge th rough  the m i l d  d e t o n a t i n g  f u s e  assembly. The charge i s  designed t o  
r u p t u r e  t h e  l i q u i d  hydrogen and l i q u i d  oxygen tank s t r u c t u r e s ,  d i s p e r s i n g  t h e  
p r o p e l l a n t  and des t roy ing  t h e  v e h i c l e .  
( 3 )  RF d i s a b l e :  T h i s  command d i s a b l e s  t h e  RSC system i n  f l i g h t  by 
removing opera t i ng  power f rom t h e  two command r e c e i v e r s .  
A s  t h e  Centaur v e h i c l e  f o l l o w s  i t s  p r e s c r i b e d  f l l g h t p a t h ,  t h e  RSC RF 
c a r r i e r  i s  t r a n s m i t t e d  f rom success ive ETR ground t r a n s m i t t i n g  s t a t i o n s .  The 
c a r r i e r  i s  p icked up by one o r  b o t h  o f  t h e  two antennas. The s i g n a l  'Is con- 
ducted f rom t h e  antennas t o  t h e  i n p u t  p a r t s  o f  t h e  h y b r i d  j u n c t i o n .  The two 
o u t p u t  p a r t s  o f  t h e  h y b r i d  j u n c t i o n  a r e  connected t o  t h e  two command r e c e i v e r s .  
Where t h e  c a r r i e r  I s  modulated w i t h  command tones ( d e s t r u c t ) ,  t h e  tones 
a r e  demodulated w i t h i n  t h e  r e c e i v e r s  and conver ted t o  28-V dc commands as 
desc r ibed  p r e v i o u s l y .  The t h r e e  commands a r e  rou ted  f r o m  t h e  r e c e i v e r s  i n t o  
t h e  power c o n t r o l  u n i t ,  where they  a r e  conveyed by r e l a y  s w i t c h i n g  c i r c u i t s  t o  
t h e i r  r e s p e c t i v e  d e s t i n a t i o n s :  ( 1 )  t h e  MECO command t o  t h e  engine p r e s t a r t  
c i r c u i t s  ( v i a  t h e  SCU), ( 2 )  t h e  d e s t r u c t  command t o  t h e  d e s t r u c t o r ,  and ( 3 )  
t h e  RF d i s a b l e  command t o  t h e  power changeover swi tches ( w i t h i n  t h e  RSC power 
c o n t r o l  u n i t )  t o  remove power f rom t h e  RSC system. The power i s  s u p p l i e d  by 
t w o  i d e n t i c a l  b a t t e r i e s .  One b a t t e r y  s u p p l i e s  each redundant h a l f  o f  t h e  
system. C i r c u i t  i s o l a t i o n  makes each b a t t e r y  and i t s  a s s o c i a t e d  equipment 
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comp le te l y  independent o f  any s i n g l e  f a i l u r e  o f  t h e  o t h e r  b a t t e r y  and i t s  
assoc ia ted  c i r c u i t r y .  
System-level  t e s t s  a r e  performed a f t e r  t h e  i n d i v i d u a l  components a r e  
i n s t a l l e d  on t h e  v e h i c l e  t o  a s c e r t a i n  t h a t  t h e  system w i l l  ope ra te  p r o p e r l y  
and p e r f o r m  i t s  i n tended  f u n c t i o n .  The t e s t s  a r e  performed b o t h  a t  General 
Dynamics San Diego and a t  t h e  ETR. An i n e r t  d e s t r u c t o r  I s  used i n  these t e s t s  
b e f o r e  t h e  f i n a l  countdown a t  ETR. On launch minus 1 day t h e  l i v e  d e s t r u c t o r  
i s  i n s t a l l e d ,  and f r o m  t h a t  p o i n t  on t h e  system i s  t e s t e d  w i t h  t h e  l i v e  u n i t .  
PROPELLANT/PRESSURIZATION MANAGEMENT AND CONTROL 
P r o p e l l a n t  U t i l i z a t i o n  System 
To r e a l i z e  optimum performance I n  a l i q u i d - f u e l e d  b i p r o p e l l a n t  space 
v e h i c l e ,  i t  i s  necessary t o  c o n t r o l  both p r o p e l l a n t s  so as t o  d e p l e t e  them 
s imu l taneous ly .  Such a s imultaneous d e p l e t i o n  b o t h  min imizes v e h i c l e  burnout  
we igh t  (by  n o t  a l l o w i n g  any unusable amounts o f  one p r o p e l l a n t  o r  t h e  o t h e r  t o  
remain i n  t h e  t a n k s )  and maximizes the m i s s i o n  t o t a l  impulse ( b y  u s i n g  a l l  
a v a i l a b l e  p r o p e l l a n t  mass i n  engine r e a c t i o n ) .  
Two major f a c t o r s  i n f l u e n c e  simultaneous p r o p e l l a n t  d e p l e t i o n .  The f i r s t  
i s  a c c u r a t e  c a l i b r a t i o n  o f  engine m i x t u r e  r a t i o s ,  f l o w  r a t e s ,  and t o t a l  t h r u s t  
under f l i g h t  c o n d i t i o n s .  The second i s  t h e  i n a b i l i t y  t o  p r e d i c t  t h e  r e l a t i v e  
p r o p e l l a n t  masses t o  be loaded a t  l i f t - o f f .  Even i f  such a p r e d i c t i o n  were 
p o s s i b l e ,  u n c e r t a i n t i e s  i n  de te rm in ing  what has a c t u a l l y  been loaded onboard 
p r o v i d e  t h e  second l a r g e  e r r o r  source. As  an example, f o r  t h e  Centaur two- 
bu rn  v e h i c l e ,  these e r r o r s  would r e s u l t  i n  a maximum e r r o r  i n  mass r a t i o  36 
o f  app rox ima te l y  350 l b  a t  burnout ,  r e s u l t i n g  i n  a l o s s  o f  350 l b  o f  payload 
c a p a b i l i t y  f rom a m i s s i o n  r e q u i r i n g  p r o p e l l a n t  d e p l e t i o n .  C l e a r l y  then, one 
system f o r  p r o p e l l a n t  management. 
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For Centaur t h e  f i r s t  f u n c t i o n  o f  such a system f o r  proper  p r o p e l l a n t  
u t i l i z a t i o n  ( P U )  i s  t o  measure a c c u r a t e l y  t h e  r a t i o  o f  p r o p e l l a n t s  i n  t h e  
v e h i c l e  tanks d u r i n g  t h e  e n t i r e  powered f l i g h t  p o r t i o n  o f  t h e  m iss ion .  
Centaur has a contoured c o n c e n t r i c - c y l i n d e r  capac i tance  probe i n s t a l l e d  i n  
each t a n k .  
a l l o w  l i q u i d  hydrogen o r  l i q u i d  oxygen t o  f i l l  t h e  probe. 
empty o f  l i q u i d ,  t h e  c a p a c i t o r s  d i s p l a y  a h i g h e r  d i e l e c t r i c  cons tan t  s i n c e  
they  a r e  o f  t h e  a i r  d i e l e c t r i c  types. 
i nc reases  t h e  element capaci tance.  Probe shaping ( t o  compensate f o r  t ank  area 
v a r i a n c e )  makes t h e  i nc rease  i n  capaci tance d i r e c t l y  p r o p o r t i o n a l  t o  t h e  
i n c r e a s e  i n  p r o p e l l a n t  mass. 
produces an o u t p u t  c u r r e n t  p r o p o r t i o n a l  t o  t h e  empty ( d r y )  Capaci tance p l u s  
t h e  i n c r e a s e  i n  capaci tance due t o  p r o p e l l a n t  mass ( i - e . ,  t h e  change i n  
capac i tance  pe r  u n i t  probe l e n g t h  i s  p r o p o r t i o n a l  t o  t h e  tank  area ( s h a p i n g ) ,  
and hence t h e  i n t e g r a t e d  change i s  p r o p o r t i o n a l  t o  t h e  p r o p e l l a n t  mass). 
The space p rov ided  between t h e  i n n e r  and o u t e r  p l a t e s  i s  open t o  
When t h e  space i s  
P r o p e l l a n t  d i s p l a c e s  t h e  gas and 
Therefore e x c i t i n g  t h e  probe f r o m  an ac source 
The second b a s i c  f u n c t i o n  o f  the PU system i s  t o  c o n t r o l  t h e  f l o w  o f  p r o -  
p e l l a n t  t h rough  t h e  engines t o  adapt t h e  r a t i o  o f  hydrogen and oxygen t o  t h e  
amounts remain ing i n  t h e  tanks.  
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I n  ope ra t i on  t h e  PU probes a r e  e x c i t e d  f r o m  an ac source p r o v i d e d  by t h e  
S I U .  Currents f rom t h e  PU probes a r e  r e c t i f i e d  and summed a t  t h e  i n p u t  t o  an 
Opera t i ona l  a m p l i f i e r  t o  prodtice an e r r o r  s i g n a l  p r o p o r t i o n a l  t o  t h e  e r r o r  i n  
t h e  In - tank  p r o p e l l a n t  m i x t u r e  r a t i o .  
p r o v i d e  an equal change i n  c u r r e n t  f o r  t h e  l i q u i d  oxygen and l i q u i d  hydrogen 
probes f rom f u l l  t o  empty c o n d i t i o n s .  
The probe e x c i t a t i o n  i s  designed t o  
I f  t h e  r a t i o  i s  n o t  c o r r e c t  and an e r r o r  s i g n a l  i s  produced, i t  i s  de tec -  
t e d  by t h e  DCU through one o f  i t s  A / D  c o n v e r t e r s .  
opening and c l o s i n g  commands t o  t h e  PU s e r v o p o s i t i o n e r s  by commanding SCU 
swi tches through t h e  normal DCU/SCU i n t e r f a c e .  The s e r v o p o s i t i o n e r s  a r e  
i n s t a l l e d  on the o x i d i z e r  f l o w - c o n t r o l  va lves f o r  each engine and a r e  motor  
d r i v e n .  A change i n  t h e  l i q u i d  oxygen f l o w - c o n t r o l  v a l v e  m o d i f i e s  t h e  engine 
i n l e t  c o n d i t i o n s  such t h a t  t h e  engine c o n t r o l l e r  a d j u s t s  b o t h  l i q u i d  oxygen 
and l i q u i d  hydrogen f l o w s  t o  t h e  new d e s i r e d  m i x t u r e  r a t i o .  
p o s i t l o n e r  angles a r e  measured and sent  back t o  t h e  DCU t o  c l o s e  t h e  servo- 
l oop .  I n  p r a c t i c e ,  t h e  e r r o r  s i g n a l  a t  t h e  d e s i r e d  m i x t u r e  r a t i o  i s  n o t  
always z e r o  v o l t s ;  t h e  DCU e s t a b l i s h e s  t h e  i n i t i a l  zero va lue  and uses t h a t  
f o r  t h e  system b a s e l i n e .  
b i a s )  a r e  a l so  loaded i n  t h e  DCU so f tware  ( P U  f l i g h t  cons tan ts )  and a r e  added 
o r  sub t rac ted  as r e q u i r e d  by t h e  m i s s i o n  s t a t u s .  A d d i t i o n a l l y  i n c l u d e d  w i t h i n  , 
t h e  DCU sof tware a r e  f a i l u r e  t e s t s  f o r  excess ive amp l i t ude  e r r o r  s i g n a l  as 
w e l l  as t e s t s  f o r  f a i l e d  s e r v o p o s i t i o n e r  feedback s i g n a l .  The cons tan ts  a l s o  
d e f i n e  other  system requi rements,  such as t h e  t i m e  t o  a c t i v a t e  t h e  system and 
t h e  t i m e  t o  d e a c t i v a t e  t h e  system, t o  a l l o w  f i n a l  guidance computat ion w i t h o u t  
PU v a l v e  ( t h r u s t )  mot ion.  
The DCU i n  t u r n  generates 
The PU servo- 
M i s s i o n - r e l a t e d  b iases  ( such  as e r r o r  b i a s  and c o a s t  
P r o p e l l a n t  P r e s s u r i z a t l o n  and Vent C o n t r o l  
General.  - The p r o p e l l a n t  feed and maln-engine system p r o v i d e s  t h e  
Centaur v e h i c l e  w i t h  t h r u s t  by b u r n i n g  l i q u i d  hydrogen and l i q u i d  oxygen p r o -  
p e l l a n t s .  The n e t  p o s i t i v e  s u c t i o n  p ressu re  (NPSP) r e q u i r e d  by t h e  engine 
turbopumps i s  produced by p r e s s u r i z i n g  the p r o p e l l a n t  t anks .  
The p r o p e l l a n t s  a r e  d e l i v e r e d  t o  t h e  main-engine turbopumps through feed  
duc ts  f rom the v e h i c l e  tanks.  The feed systems c o n s i s t  o f  i n d i v i d u a l  d u c t  
assembl ies and pneumat i ca l l y  ac tua ted  p reva lves .  The p reva lves ,  l o c a t e d  a t  
t h e  tank  o u t l e t s ,  t o g e t h e r  w i t h  t h e  engine i n l e t  s h u t o f f  va lves c o n s t i t u t e  t h e  
two independent i n - s e r i e s  p r o p e l l a n t  s h u t o f f  dev i ces .  A m u l t i l a y e r e d  r a d i a -  
t i o n  blanket.  covers t h e  e n t i r e  feed d e l i v e r y  system t o  c o n t r o l  thermal  
r a d i a t i o n .  
The p r o p e l l a n t  feed and main-engine system i n t e r f a c e s  w i t h  t h e  pneumatic 
system a t  the p r o p e l l a n t  p r e v a l v e  panel  assembly. Th is  assembly s u p p l i e s  
r e g u l a t e d  gaseous h e l i u m  t o  open t h e  l i q u i d  hydrogen and l i q u i d  oxygen p re -  
va l ves  and t o  c o n t r o l  engine-va lve p ressu re  f o r  p r e c h i l l ,  p r e s t a r t ,  and engine 
o p e r a t i o n .  The p r o p e l l a n t  feed and main-engine system p r e s s u r i z e s  t h e  l i q u l d  
hydrogen tank d u r i n g  Centaur f l i g h t  by b l e e d i n g  o f f  gaseous hydrogen f r o m  each 
engine feed i n j e c t o r  m a n i f o l d  (autogenous p r e s s u r i z a t i o n ) .  Flow i s  d i r e c t e d  
th rough  f l e x i b l e  l i n e s  t o  accommodate engine g imba l i ng .  
The f l i g h t  ope ra t i ons  c o n t r o l  i n t e r f a c e  f o r  t h e  main engine I s  p r o v i d e d  
by t h e  DCU, t h e  SCU, t h e  S IU ,  and t h e  DCU guidance sof tware.  
p r e s t a r t ,  o x i d i z e r  p r e s t a r t ,  and s t a r t  so leno ids  and i g n i t i o n  systems a r e  
The engine f u e l  
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operated by t h e  SCU swi tches th rough  DCU commands 
a r e  r e q u i r e d  f o r  each f u n c t i o n ;  however, a s i n g l e  
c o n t r o l  t h e  same f u n c t i o n  f o r  each englne so t h a t  
o f f  s imu l taneous ly .  
P r e s s u r i z a t i o n ,  pu rg ing ,  and i n t e r m e d i a t e  bu 
among t h e  f u n c t i o n s  o f  t h e  pneumatic system. The 
w i t h  t h e  pneumatic system, m a i n t a i n s  pressure i n  
I n d i v i d u a l  SCU swi tches 
SCU s w i t c h  i s  p r o v i d e d  t o  
they  can be swi tched on and 
khead vacuum maintenance a r e  
ven t  system, i n  c o n j u n c t i o n  
he main p r o p e l l a n t  t a n k .  
Purg ing w i t h  gaseous h e l i u m  p reven ts  mo is tu re  f rom e n t e r i n g  c ryogen ic  systems 
and causing i c i n g .  
and d u r i n g  f l i g h t .  
Many v e h i c l e  systems and components a r e  purged b o t h  be fo re  
P r e s s u r i z a t i o n  comes f r o m  two sources. Wi th  no p r o p e l l a n t  i n  t h e  tank 
p ressu re  i s  f u r n i s h e d  by a gaseous hel ium system. A f t e r  p r o p e l l a n t s  a r e  
loaded, p r o p e l l a n t  b o i l o f f  p r e s s u r i z e s  t h e  tank .  Dur ing  f l i g h t  t h e  a l r b o r n e  
h e l i u m  system p rov ides  supplementary pressure when necessary.  The same system 
a l s o  f u r n i s h e s  p ressu re  f o r  t h e  N2H4 and engine c o n t r o l  systems. 
The tank  p r e s s u r i z a t i o n  system c o n t r o l s  t h e  f l o w  o f  h e l i u m  f r o m  t h e  
h e l i u m  supply  system i n t o  t h e  main p r o p e l l a n t  t anks .  Dur ing  engine bu rn  i t  
a l s o  c o n t r o l s  t h e  f l o w  o f  gaseous hel ium f rom t h e  engine i n t o  t h e  hydrogen 
tank .  The system c o n s i s t s  o f  v a l v e  modules, o r i f l c e s ,  f i l t e r s ,  check va lves,  
and c o n t r o l  p ressu re  t ransducers .  The l i q u i d  oxygen tank  i s  p r e s s u r i z e d  w i t h  
h e l i u m  d u r i n g  engine burn,  and t h e  l i q u i d  hydrogen tank  i s  p r e s s u r i z e d  by 
autogenous p r e s s u r i z a t i o n .  Check valves a r e  used i n  t h e  autogenous p r e s s u r i -  
z a t i o n  system t o  p reven t  hydrogen f rom b a c k f l o w i n g  i n  t h e  engine chamber ( o r  
chambers). 
Computer-contro l led v e n t i n g  and p r e s s u r i z a t i o n  system. - The computer- 
c o n t r o l l e d  v e n t i n g  and p r e s s u r i z a t i o n  system (CCVAPS) was o r i g i n a l l y  developed 
f o r  T i tan /Cen tau r  and was l a t e r  i n t roduced  on t h e  A t l a s K e n t a u r  v e h i c l e .  
T 3 t a n / r o n t a i i r <  1 t n  7 and At la</Centaurs 36 t o  t h e  Dresent  used t h e  same b a s i c  
so f tware  des ign;  however, m o d i f i c a t i o n s  were made t o  accommodate m iss ion -  
p e c u l i a r  requi rements and o t h e r  eng inee r ing  changes. 
Centaur v e h i c l e s  used w i t h  A t l a s  boosters  were redesigned beg inn ing  w i t h  
v e h i c l e  AC-62 by removing t h e  hydrogen and oxygen boost  pumps. P r e s s u r i z a t i o n  
o f  t h e  l i q u i d  hydrogen and l i q u i d  oxygen tanks must t h e r e f o r e  s a t i s f y  t h e  
main-engine requirements r a t h e r  than  the boost  pump requi rements.  Pres- 
s u r i z a t i o n  of t h e  hydrogen and oxygen tanks was changed t o  accommodate t h i s  
p ressu re - fed  system as f o l l o w s :  
(1 )  By i n c r e a s i n g  t h e  p ressu re  i n  b o t h  tanks t o  s a t i s f y  engine s t a r t  and 
o p e r a t i n g  requi rements 
( 2 )  By p r e s s u r i z i n g  t h e  oxygen tank w i t h  h e l i u m  d u r i n g  engine burn.  
Veh ic les  w i t h  an oxygen boost  pump requ i red  no p r e s s u r i z a t i o n  d u r i n g  engine 
burn.  
( 3 )  By p r e s s u r i z i n g  t h e  hydrogen tank w i t h  gaseous hydrogen s u p p l i e d  by 
t h e  main engines d u r i n g  engine burn.  
r e q u i r e d  no p r e s s u r i z a t i o n  d u r i n g  engine burn.  
Vehic les w i t h  a hydrogen boost  pump 
The major  changes, as o f  t h i s  date,  are as f o l l o w s :  
13 
( 1 )  P r o p e l l a n t  t ank  u l l a g e  pressures a t  A t l as /Cen tau r  s e p a r a t i o n  were 
lowered t o  pre-AC-62 l e v e l s  t o  reduce t h e  magnitude of pressure- induced 
s t resses  i n  the p r o p e l l a n t  tanks d u r i n g  separa t i on .  
( 2 )  P r o p e l l a n t  t ank  u l l a g e  pressures were lowered f o r  main-engine s t a r t  
( M E S )  and engine bu rn  on t h e  b a s i s  o f  t h e  f o l l o w i n g  c r i t e r i a :  
( a )  Tanks a r e  n o t  p r e s s u r i z e d  t o  l e v e l s  s u f f i c i e n t  t o  p r o v i d e  
s p e c i f i c a t i o n - r e q u i r e d  NPSP under s i n g l e - f a i l u r e  c o n d i t i o n s  b u t  p r o -  
v ide  t h e  minimum r e q u i r e d  NPSP under worst-case n o n f a l l u r e  
condi t i o n s .  
( b )  On t h e  b a s i s  o f  t e s t i n g  f o r  s h u t t l e / C e n t a u r  t h e  main-engine 
s p e c i f i c a t i o n  has been r e v i s e d  by expanding t h e  reg ions  I n  which t h e  
engine pump operates a t  i n l e t  c o n d i t i o n s .  The new minimum pump 
i n l e t  requi rements a l l o w  tank  pressures t o  be reduced. T h i s  reduc- 
t i o n  causes a corresponding r e d u c t i o n  I n  h e l i u m  usage f o r  t h e  
m i  s s i  on. 
( 3 )  Pressure i n  b o t h  tanks was stepped t o  an i n t e r m e d i a t e  l e v e l  f o r  
A t l a s K e n t a u r  separa t i on .  Pos tsepara t i on  p r e s s u r i z a t i o n  f o r  MESl w i l l  b e g i n  
0.2 sec a f t e r  t he  SCU command f o r  separa t i on ,  t o  a l l o w  s u f f i c i e n t  t i m e  f o r  t h e  
shock induced by f i r i n g  t h e  s e p a r a t i o n  charge t o  damp o u t .  
( 4 )  Post-MEC02 l i q u i d  hydrogen tank  v e n t i n g ,  i n c l u d i n g  s e t t l i n g  motor 
o p e r a t i o n ,  was increased f rom 10 t o  30 sec t o  guard a g a i n s t  a i n c r e a s e  i n  
r a p i d  l i q u i d  hydrogen tank  p ressu re  due t o  u n s e t t l e d  l i q u i d  hydrogen a t  MEC02. 
System d e s c r i p t i o n :  The major  components and subsystems t h a t  make up t h e  
tank p r e s s u r i z a t i o n  c o n t r o l  system a r e  t h r e e  C C V A P S  p ressu re  t ransducers  f o r  
each tank, a hydrogen-tank p r imary  vent  va l ve ,  a hydrogen-tank secondary ven t  
va lve,  an oxygen-tank ven t  va l ve ,  a h e l i u m  p r e s s u r i z a t i o n  system, a hydrogen 
p r e s s u r i z a t i o n  system, t h e  DCU, t h e  SCU, and t h e  RCS s e t t l i n g  motors.  
The t h r e e  CCVAPS t ransducers  a r e  used t o  m o n i t o r  t h e  p ressu re  i n  each 
tank .  These analog da ta  a r e  s u p p l i e d  t o  t h e  DCU, where they  a r e  conver ted t o  
d i g i t a l  i n f o r m a t i o n  f o r  use by t h e  DCU. Transducers 2 and 3 share a common 
DCU A/D channel. They a r e  swi tched o u t  and i n ,  r e s p e c t i v e l y ,  by t h e  SCU. Two 
p a r a l l e l  SCU switches c o n t r o l  each t ransducer  ( 2  and 3) t o  p r o v i d e  s i n g l e -  
f a i l u r e  t o l e r a n c e  f o r  s w i t c h i n g  t ransducers .  
When unlocked by CCVAPS t h e  hydrogen-tank ven t  va l ves  and t h e  oxygen-tank 
vent  v a l v e  open and r e l i e v e  tank  p ressu re  when t h e  v a l v e  c r a c k i n g  p ressu re  i s  
exceeded. Vent ing ceases when t h e  tank  p ressu re  drops below t h e  v a l v e  r e s e a t  
pressure o r  when t h e  v a l v e  i s  l ocked  by CCVAPS. The c r a c k i n g  and r e s e t  p res -  
sures a r e  h igher  f o r  t h e  hydrogen-tank secondary ven t  v a l v e  than  f o r  t h e  p r i -  
mary va l ve .  Each ven t  v a l v e  can be l ocked  t o  p reven t  v e n t i n g  by e n e r g i z l n g  
t h e  l o c k i n g  so lenoid,  which I s  c o n t r o l l e d  th rough  an SCU s w i t c h .  
The hel ium p r e s s u r i z a t i o n  system a l l o w s  h e l i u m  gas t o  e n t e r  t h e  hydrogen 
The system f o r  each t a n k  
I t  must be open when e i t h e r  t h e  hydrogen o r  oxygen t a n k  
o r  oxygen tank acco rd ing  t o  which va lves a r e  opened. 
con ta ins  a pr imary and a backup p r e s s u r i z a t i o n  v a l v e .  A p r e s s u r i z a t i o n  con- 
t r o l  v a l v e  i s  l o c a t e d  upstream o f  b o t h  p r imary  p r e s s u r i z a t i o n  va lves and i s  
common t o  bo th  tanks .  
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i s  p r e s s u r i z e d  w i t h  t h e  p r imary  valves and i s  p a r t  o f  t h e  p r i m a r y  p r e s s u r i -  
z a t i o n  system. Each v a l v e  I s  c o n t r o l l e d  th rough  a separate SCU s w i t c h .  
The hydrogen p r e s s u r i z a t i o n  system, which has t h r e e  branches, i s  a c t i v e  
o n l y  when t h e  main engines a r e  running. 
engines and f l o w s  c o n t i n u o u s l y  t o  t h e  hydrogen tank  th rough  branch 1. 
Branches 2 and 3 each c o n t a i n  two va l ves  i n  s e r i e s .  Branch 2 c o n t a i n s  t h e  
p r imary  s e t  of va l ves  and branch 3 c o n t a l n s  t h e  backup. 
t r o l l e d  th rough  an SCU sw i t ch .  
Gaseous hydrogen i s  generated by t h e  
Each v a l v e  i s  con- 
The R C S  s e t t l i n g  motors each c o n t a i n  two s o l e n o i d  va l ves  i n  s e r i e s .  A 
T h r u s t  f r o m  these  motors i s  d i r e c t e d  
separate SCU s w i t c h  i s  connected t o  each so leno id ;  t hus  two SCU swi tches must 
be s e t  t o  ope ra te  one s e t t l i n g  motor. 
f o rward  t o  ach ieve  p r o p e l l a n t  s e t t l i n g .  When o n l y  two motors ( f o u r  t o t a l )  a r e  
operated t o g e t h e r ,  one i s  f r om quadrant I 1  and t h e  o t h e r  f r o m  quadrant  1 V  t o  
produce a balanced moment about the v e h i c l e  c e n t e r  o f  g r a v i t y .  
CCVAPS so f tware :  The CCVAPS so f tware  mon i to rs  hydrogen and oxygen tank  
pressures s e p a r a t e l y  b u t  c o n c u r r e n t l y  t h roughou t  t h e  Centaur m iss ion .  Th is  
s o f t w a r e  uses o n l y  da ta  f rom t ransducer  1, which a r e  c o n t i n u a l l y  checked f o r  
accuracy by comparison w i t h  t ransducer  2 da ta .  
f a i l s ,  by exceeding t h e  a l l o w a b l e  bandwidth, CCVAPS s o f t w a r e  sends commands t o  
s w i t c h  o u t  t ransducer  2 and sw i t ch  i n  t ransducer  3. CCVAPS so f tware  then  con- 
d u c t s  a reasonableness t e s t  on the d a t a  t o  determine which o f  t h e  t h r e e  t r a n s -  
ducers t o  use. 
When e i t h e r  t ransducer  1 o r  2 
The reasonableness t e s t  c o n s i s t s  o f  s t o r i n g  d a t a  f r o m  t h e  l a s t  v a l i d  
p ressu re  r e a d i n g  o f  t ransducers 1 and 2.  The most r e c e n t  d a t a  f r o m  t r a n s -  
ducer 3 a r e  then  compared w i t h  the average p ressu re  o f  t ransducers  1 and 2 
( p l u s  o r  minus t h e  maximum r i s e  o r  decay r a t e  t imes t h e  maximum elapsed t i m e  
f o r  t h e  l a s t  v a l i d  p ressu re  read ing ) .  I f  t h e  t ransducer  r e a d i n g  i s  w i t h i n  
t n i s  p ressu re  Dana, i r  I S  Lu i i> iue reu  v a i i u  uaia  a i d  Llal l>duLc,  J u;)Gu Lu 
m o n i t o r  t ank  pressures.  I f  t ransducer 3 d a t a  a r e  o u t s i d e  t h e  band, t h e  s o f t -  
ware w i l l  n o t  use t h i s  t ransducer  b u t  w i l l  i n s t e a d  check t ransducer  1 d a t a  f o r  
reasonableness. If n e i t h e r  t ransducer 3 no r  1 has v a l i d  da ta ,  CCVAPS commands 
t ransducer  3 t o  s w i t c h  o u t  and switches i n  t ransducer  2.  The reasonableness 
t e s t ,  i f  r e q u i r e d ,  i s  conducted only  once d u r i n g  t h e  m i s s i o n .  The t ransducer  
found t o  be v a l i d  by t h e  t e s t  i s  used f o r  t h e  remainder o f  t h e  m iss ion .  
- 1  1 I -  
Vent ing c o n t r o l  i s  a c t i v e  du r ing  t h e  boost  phase and a l l  coast  phases. 
Dur ing  t h e  boost  phase tank  pressure i s  c o n t r o l l e d  a t  t h e  c r a c k i n g  and r e s e a t  
pressures o f  t h e  ven t  va l ves .  F o r  t h e  hydrogen tank  t h e  i n i t i a l  boost-phase 
p ressu re  i s  c o n t r o l l e d  by t h e  secondary ven t  va l ve .  
locked.  
gen tank  i n  case t h e  secondary vent v a l v e  f a i l s  t o  c r a c k  open. Dur ing  t h e  
l a t t e r  p a r t  o f  t h e  boost  phase the hydrogen-tank p r i m a r y  ven t  va l ve  i s  a l s o  
unlocked t o  c o n t r o l  t h e  tank  pressure a t  a lower  l e v e l .  The oxygen-tank ven t  
v a l v e  i s  c o n t i n u o u s l y  unlocked du r ing  t h e  boost  phase. 
a l l  ven t  va l ves ,  CCVAPS mon i to rs  t h e  ven t  va lves f o r  f a i l u r e  t o  r e s e a t  and 
then  commands t h e  f a i l e d  v a l v e  t o  l o c k  i n  an a t tempt  t o  c l o s e  i t .  
The p r imary  v a l v e  I s  
CCVAPS c o n t r o l s  t h e  pr imary v a l v e  i n  a backup mode t o  vent  t h e  hydro- 
As  a backup mode f o r  
Dur ing  a l l  coas t  phases, except t h e  post-MECO l i q u i d  hydrogen vents ,  t h e  
v e n t  va lves a r e  mainta ined locked. When tank  p ressu re  r i s e s ,  u s u a l l y  because 
o f  hea t ing ,  t o  a predetermined value, CCVAPS i n i t i a t e s  t h e  ven t  sequence. 
T h i s  sequence comprises a s e r i e s  o f  t imed s e t t l i n g  motor ope ra t i ons  f o l l o w e d  
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by a c t u a l  tank ven t ing .  
t o  ensure t h a t  l i q u i d  hydrogen and l i q u i d  oxygen a r e  absent f rom t h e  ven t  
va lves when ven t ing  occurs.  
motors on. Vent ing I s  i n h i b i t e d  d u r i n g  t h i s  i n i t i a l  s e t t l i n g  p e r i o d .  When 
t h e  i n i t i a l  s e t t l i n g  p e r i o d  ends, a l l  f o u r  s e t t l i n g  motors may be t u r n e d  on t o  
c o i n c i d e  w i t h  a c t u a l  v e n t i n g .  Ven t ing  i s  begun ( i . e . ,  t h e  ven t  v a l v e  i s  
un locked)  when C C V A P S  determines t h a t  t h e  tank  p ressu re  exceeds a p re -  
determined value. 
P r o p e l l a n t  s e t t l i n g  may be r e q u i r e d  p r i o r  t o  v e n t i n g  
I n i t i a l  s e t t l i n g  i s  performed w i t h  t w o  s e t t l i n g  
When tank p ressu re  drops t o  a lower  predetermined va lue,  CCVAPS commands 
t h e  ven t  va lve t o  l o c k  and v e n t i n g  ceases. The ven t  v a l v e  w i l l  c y c l e  between 
t h e  ven t  (unlocked) p o s i t i o n  and t h e  no-vent  ( l o c k e d )  p o s i t i o n  a c c o r d i n g  t o  
f l u c t u a t i o n s  i n  tank  p ressu re  as mon i to red  by CCVAPS so f tware  u n t i l  t h e  end o f  
t h e  ven t  pe r iod .  For zero-g coasts  s e t t l i n g  motor o p e r a t i o n  i s  c o n t r o l l e d  by 
CCVAPS; f o r  s e t t l e d  coasts  a t  l e a s t  two s e t t l i n g  motors a r e  a l r e a d y  on, and 
CCVAPS does not  c o n t r o l  t h e  s e t t l i n g  motors,  except t o  t u r n  on a l l  f o u r  f o r  
v e n t i n g  as requi  r e d .  
Vent ing i s  a l s o  p rov ided  f o r  s t r u c t u r a l  ( s a f e t y )  p r o t e c t i o n  o f  t h e  
p r o p e l l a n t  tanks and i n t e r m e d i a t e  bulkhead d u r i n g  t h e  v e n t i n g  mode. When tank  
pressures a r e  near t h e  s t r u c t u r a l  l i m i t s  o f  t h e  tank  o r  t h e  i n t e r m e d i a t e  b u l k -  
head, C C V A P S  begins v e n t i n g  independent o f  t h e  normal ven t  mode and s e t t l i n g  
motor ope ra t i on .  
CCVAPS c o n t r o l s  t h e  p r o p e l l a n t  tank pressures d u r i n g  p e r i o d s  o t h e r  than 
v e n t i n g  c o n t r o l .  P r e s s u r i z a t i o n  i s  r e q u i r e d  d u r i n g  those p e r i o d s  t o  p r o v i d e  
NPSP and t o t a l  p ressu re  f o r  t h e  main-engine pumps f o r  engine s t a r t  and s teady-  
s t a t e  ope ra t i on .  Before t h e  f i r s t  MES b o t h  tanks a r e  p r e s s u r i z e d  t o  p r e -  
determined i n t e r m e d i a t e  l e v e l s  f o r  At las/Centaur  s e p a r a t i o n .  P r e s s u r i z a t i o n  
o f  bo th  tanks i s  begun by CCVAPS b e f o r e  each engine s t a r t  t o  a l l o w  t i m e  f o r  
t h e  p ressu re  t o  r i s e  t o  predetermined l e v e l s .  
be fo re  A t l a s K e n t a u r  s e p a r a t i o n  t o  b r i n g  them t o  t h e  p roper  pressures f o r  
separa t i on .  
The tanks a r e  a l s o  p r e s s u r i z e d  
The hel ium p r e s s u r i z a t i o n  system i s  used t o  p r e s s u r i z e  b o t h  tanks u n t i l  
approx imate ly  4 sec a f t e r  MES. The p r e s s u r i z a t i o n  c o n t r o l  v a l v e  i s  opened by 
CCVAPS commands when p r e s s u r i z a t i o n  o f  t h e  tank  i s  f i r s t  r e q u i r e d  and remains 
open u n t i l  MES t 4 sec. When CCVAPS determines t h a t  t h e  tank  p ressu re  i s  
below a Predetermined l e v e l ,  t h e  p r imary  p r e s s u r i z a t i o n  v a l v e  i s  opened. When 
t h e  proper  pressure e x i s t s  i n  t h e  tank  ( o r  t a n k s ) ,  t h e  v a l v e  i s  c l osed .  
C C V A P S  con t inuous ly  nloni'tors f o r  f a i l u r e  o f  t h e  p r i m a r y  v a l v e  t o  open o r  
c lose ,  except d u r i n g  most o f  t h e  engine burn,  when no f a i l - t o - c l o s e  pressures 
a r e  monitored. When e i t h e r  tank  p ressu re  i s  e x c e s s i v e l y  l ow  o r  e x c e s s i v e l y  
h igh ,  CCVAPS i n t e r p r e t s  t h i s  as a f a i l u r e  o f  t h e  p r imary  p r e s s u r i z a t i o n  system 
and swi tches t o  t h e  backup system f o r  b o t h  tanks .  F a i l u r e  o f  e i t h e r  t h e  
hydrogen or oxygen p r imary  system causes b o t h  tanks t o  s w i t c h  t o  t h e  backup 
system because o f  t h e  common p r e s s u r i z a t i o n  c o n t r o l  va l ve .  CCVAPS m a i n t a i n s  
proper  tank  pressures by c o n t r o l l i n g  t h e  backup va lves f o r  t h e  remainder o f  
t h e  m i s s i o n  i n  t h e  same manner t h a t  i t  c o n t r o l l e d  t h e  p r imary  v a l v e .  
Dur ing  engine bu rn  t h e  h e l i u m  system i s  used t o  p r e s s u r i z e  t h e  oxygen 
tank,  and gaseous hydrogen b l e d  f rom t h e  main engines i s  used t o  p r e s s u r i z e  
t h e  hydrogen tank.  CCVAPS mon i to rs  oxygen-tank p ressu re  and begins o r  ends 
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p r e s s u r i z a t i o n  when d e f i c i e n t  o r  excessive pressures occur .  
t l o n  c o n t r o l  v a l v e  and t h e  p r imary  p r e s s u r i z a t i o n  v a l v e  a r e  operated t o g e t h e r  
f o r  each p r e s s u r i z a t i o n  c y c l e ,  p r o v i d i n g  s i n g l e - f a i l u r e  t o l e r a n c e  f o r  
o v e r p r e s s u r i z a t i o n  and e l i m i n a t i n g  the  need f o r  f a i l - t o - c l o s e  l o g i c  d u r i n g  
burn.  
(backup i n  use) w i l l  n o t  a f f e c t  t h e  gaseous hydrogen p r e s s u r i z a t i o n  system, 
which i s  o p e r a t i n g  d u r i n g  engine burn.  
The p r e s s u r l z a -  
Note t h a t  f a i l u r e  o f  t h e  oxygen p r imary  system d u r i n g  engine bu rn  
The s a f e t y  of t h e  i n t e r m e d i a t e  bulkhead i s  preserved by c o n t r o l l i n g  t h e  
hydrogen-tank p r i m a r y  ven t  va l ve  and the oxygen-tank ven t  v a l v e  d u r i n g  t h e  
v e n t i n g  modes and by c o n t r o l l i n g  t h e  a c t i v e  p r e s s u r i z a t i o n  system d u r i n g  t h e  
p r e s s u r i z a t i o n  modes. CCVAPS mon i to rs  t h e  d i f f e r e n t i a l  p ressu re  A P  across 
t h e  i n t e r m e d i a t e  bulkhead w i t h  respec t  t o  predetermined h i g h  and low A P  
s a f e t y  va lues and vents o r  t e rm ina tes  p r e s s u r i z a t i o n  i n  t h e  oxygen 
tanks t o  m a i n t a i n  t h e  i n t e r m e d i a t e  bulkhead A P  i n  t h e  sa fe  range 
i n t e r m e d i a t e  bulkhead p r o t e c t i o n  d u r i n g  v e n t i n g  t h e  s a f e t y  l o g i c  w 
vent  v a l v e  on one tank when v e n t i n g  the o t h e r  tank .  Th is  p reven ts  
across t h e  i n t e r m e d i a t e  bulkhead f rom worsening. 
DIGITAL COMPUTER U N I T  SOFTWARE 
The Centaur D1-A so f tware  was designed t o  s a t i s f y  s p e c i f i c  ob 
o r  hydrogen 
For 
11 l o c k  t h e  
t h e  A P  
e c t i v e s  i n  
t h e  areas o f  cos t ,  r e l i a b i l i t y ,  launch s i m p l i c i t y ,  response, and r e s i l i e n c y .  
The f o l l o w i n g  procedures were fo l l owed :  
( 1 )  To minimize cos t ,  many o f  the m iss ion -  and v e h i c l e - p e c u l i a r  changes 
f o r m e r l y  r e q u i r i n g  hardware a r e  now implemented v i a  so f tware .  
( 2 )  To r e a l i z e  h i g h  r e l i a b i l i t y ,  t h e  so f tware  was designed t o  s i m p l i f y  
checkout and t o  ensure an e r r o r - f r e e  f l i g h t  program. 
I ,  7 7  .__  - .  ( 3 )  1 0  acnieve launcn s i m p i i c i t y ,  L I I ~  S U I L W ~ I C  w a b  i c > ; y l , c u  Lu a i l u w  
sonable l a s t - m i n u t e  changes i n  a p p l i c a b l e  areas and t e s t  p h i l o s o p h i e s .  
( 4 )  F o r  q u i c k  response, o r  t o  reduce l e a d  t ime ,  t h e  s o f t w a r e  was con- 
s t r u c t e d  i n  modular fash ion.  Thus one module can be checked and changed w t t h -  
o u t  d i s t u r b i n g  t h e  c o n f i g u r a t i o n  o f  o the r  modules. 
( 5 )  To p r o v i d e  r e s i l i e n c y ,  t h e  sof tware was designed t o  remain i n t a c t  and 
f u n c t i o n i n g  i n  t h e  unforeseen event  o f  f a i l u r e s  i n  t h e  e x t e r n a l  system hard-  
ware. I t s  t a s k  i s  t o  achieve maximum f l i g h t  success i n  s p i t e  o f  system 
f a i l u r e s .  
M o d u l a r i t y  
A modular so f tware  concept f u l f i l l s  t h e  requi rement  f o r  a c o s t - e f f e c t i v e  
and f l e x i b l e  system. The concept c l a s s i f i e s  so f tware  i n t o  two c a t e g o r i e s :  an 
e x e c u t i v e  system t h a t  remains unchanged th rough  a l l  miss ions,  and a s e t  o f  
m iss ion -  o r  v e h i c l e - p e c u l i a r  t a s k  modules t h a t  can be s e l e c t e d  f rom a l i b r a r y  
and adapted f o r  t h e  c u r r e n t  m lss ion .  t h e y  can 
be scheduled by t h e  execu t i ve  a t  d i f f e r e n t  f requenc ies  d u r i n g  f l i g h t ,  t u r n e d  
o f f  o r  r e a c t i v a t e d  f o r  d i f f e r e n t  phases of  f l i g h t ,  and i n t e r r u p t e d  a t  any t i m e  
d u r i n g  t h e i r  o p e r a t i o n .  
The t e s t  modules a r e  f l e x i b l e :  
Since t h e  modules do n o t  communicate d i r e c t l y  w i t h  
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each o t h e r ,  b u t  o n l y  through t h e  execu t i ve ,  t hey  a r e  assured o f  c o n s i s t e n t  
se ts  of  da ta .  The system i s  a l s o  r e a d i l y  changeable. 
Assuming t h a t  memory and d u t y  c y c l e  a r e  a v a i l a b l e ,  new modules can be 
added o r  m i s s i o n - p e c u l i a r  modules i n te rchanged .  Change f l e x i b i l i t y  I s  
enhanced by s u b d i v i d i n g  t h e  task  modules i n t o  s u b r o u t i n e  b locks  whenever pos- 
s i b l e .  Program changes a r e  i n s e r t e d  a t  t h e  module ( o r  s u b r o u t i n e )  l e v e l  and 
checked a t  t h e  module and i n t e g r a t e d  program l e v e l s  ( a l l  t a s k  modules opera- 
t i n g  t o g e t h e r  as a system). 
Both r e a l - t i m e  and v e h i c l e  t e l e m e t r y  i n t e r r u p t s  w i l l  occur d u r i n g  a 
f l i g h t .  
i s  d o i n g  and f o r c e  i t  t o  a p r e s e t  address I n  o r d e r  t o  execute t h e  i n t e r r u p t  
sub rou t ine .  
t o  t h e  i n t e r r u p t e d  address and resumes whatever i t  was doing.  
By design an i n t e r r u p t  w i l l  cause t h e  program t o  suspend whatever I t  
Upon comp le t i on  o f  t h e  i n t e r r u p t  s u b r o u t i n e  t h e  program r e t u r n s  
The Centaur so f tware  i s  designed so t h a t  any combinat ion o f  two o r  more 
modules can be i n  a s imultaneous s t a t e  o f  i n t e r r u p t ;  f u r the rmore  t h e  i n t e r r u p t  
i s  a l l owed  a t  any l o c a t i o n  i n  t h e  program. Thus t h e  modular t ask  programs a r e  
comp le te l y  independent o f  t h e  i n t e r r u p t s ,  and each one can be coded as i f  i t  
were t h e  o n l y  module i n  t h e  computer. 
Decen t ra l i zed ,  P a r a l l e l  Design and Checkout 
F u n c t i o n a l  tasks a re  designed as separate so f tware  modules and a r e  deve l -  
oped and checked o u t  i n  p a r a l l e l .  The checkout o f  t h e  so f tware  i s  subd iv ided  
i n t o  t h e  t a s k  l e v e l  and t h e  i n t e g r a t e d  l e v e l .  The so f tware  system s t r u c t u r e  
i s  designed t o  be genera l  enough so t h a t  r e v i s e d  o r  new modules can be 
i n c o r p o r a t e d  a f t e r  t h e  f i r s t  i n t e g r a t e d  checkout w i t h  minimum e f f o r t .  A f t e r  a 
r e v i s e d  module i s  comp le te l y  checked o u t ,  i t  i s  added t o  t h e  modular l i b r a r y .  
The d e c e n t r a l i z e d  checkout cohcept min imizes t h e  r e a c t i o n  t i m e  o f  t h e  so f tware  
t o  changes and promotes maximum r e l i a b i l i t y  by p r o v i d i n g  d e t a i l e d  eng ineer ing  
v i s i b i l i t y  a t  the t a s k  and i n t e g r a t e d  l e v e l s .  
Contingency Sof tware 
I n  t h e  event o f  c e r t a i n  e x t e r n a l  equipment f a i l u r e s  (e.g. ,  unscheduled 
t h r u s t  t e r m i n a t i o n  o r  f a i l u r e  t o  s t a r t  a s tage)  t h e  so f tware  can be used t o  
s e l e c t  reasonable a l t e r n a t i v e  s t r a t e g i e s .  
The software senses nonstandard environments ( such  as a l a r g e - s t a t e  d rop  
i n  t h r u s t  l e v e l )  and makes a p p r o p r i a t e  ad justments t o  t h e  t r a j e c t o r y .  The 
recove ry  techniques a r e  designed so t h a t  t h e  m i s s i o n  i s  achieved w i t h i n  t h e  
performance c a p a b i l i t y  of t h e  launch v e h i c l e .  
F l e x i b l e  Ground/Computer I n t e r f a c e  
The DCU operates i n  c o n j u n c t i o n  w i t h  t h e  ground compu te r - . con t ro l l ed  
launch s e t  (CCLS) t o  per form many p r e f l l g h t  v e h i c l e  and a v i o n i c  systems 
t e s t s .  
c a l l e d  tenan ts .  The tenan t  programs a r e  
A modular DCU so f tware  concept 1s 
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a g a i n  used; o n l y  now t h e  modules a r e  
oaded f rom t h e  CCLS t o  t h e  DCU. The 
DCU t e n a n t  program, o p e r a t i n g  i n  c o n j u n c t i o n  w i t h  i t s  corresponding ground 
CCLS tenan t ,  s e r v i c e s  each v e h i c l e  or a v i o n i c  system t e s t .  
The t e n a n t  reg ions  a r e  sec to rs  o f  temporary s to rage  ( i n  t h e  DCU) a l l o -  
cated t o  t h e  t e s t  programs. F l e x i b i l i t y  i s  such t h a t  any t e s t  program can be 
loaded i n t o  any t e n a n t  r e g i o n  o f  t h e  DCU. The tenan ts  work i n  c o n j u n c t i o n  
w i t h  t h e  r e s i d e n t  so f tware  c o n t r o l  system, which s t a r t s  and s tops each t e n a n t  
based on p r i o r i t y .  
i n t e r r u p t s  as desc r ibed  p r e v i o u s l y .  
Thus t h e  tenants  have t h e  same independence f r o m  t h e  
The communications l i n k  between t h e  CCLS and t h e  DCU a l s o  a l l o w s  f l e x i -  
b i l i t y .  A common format  i s  used t o  communicate da ta ,  programs, o r  s p e c i a l  
requests  f rom t h e  CCLS t o  t h e  DCU. The downl ink,  o r  t e l e m e t r y  channel ,  i s  
f o rma t ted  so t h a t  any word d e s i r e d  can be communicated f rom t h e  DCU t o  t h e  
CCLS. 
Doc umen t a t  1 on 
The management and eng ineer ing  i n t e r f a c e  a i d  developed f o r  Centaur D1 
so f tware  has been a f l e x i b l e ,  d e c e n t r a l i z e d  documentat ion system. A document 
d e f i n e s  t h e  des ign  requi rements f o r  each so f tware  f u n c t i o n ,  and a f t e r  t h e  
module has been developed and checked o u t ,  a document p rov ides  a thorough 
f u n c t i o n a l  d e s c r i p t i o n .  
Execut ive System 
The Centaur D1 f l i g h t  program c o n s i s t s  o f  subprograms i n  two b a s i c  ca te -  
g o r i e s :  system r o u t i n e s  and f u n c t i o n a l  t a s k s .  System r o u t i n e s  comprise t h e  
e x e c u t i v e  system c o n t r o l  program execut ion,  manage da ta  f l o w  between tasks ,  
and s e r v i c e  t h e  computer 1/0 f u n c t i o n s .  The modular f u n c t i o n a l  t a s k s ,  such as 
n a v i g a t i o n  and guidance, pe r fo rm t h e  computat ions t h a t  s a t l s t y  t n e  computer 's  
r e s p o n s i b i l i t y  w i t h  respec t  t o  i t s  e x t e r n a l  wor ld .  
Clock pu lses ,  which occur a t  20-msec i n t e r v a l s ,  generate a r e a l - t i m e  
i n t e r r u p t .  The t a s k  c u r r e n t l y  i n  progress i s  stopped and program c o n t r o l  
g i v e n  t o  t h e  execu t i ve .  The execut ive f i r s t  s e r v i c e s  t h e  DCU 1/0 f u n c t i o n s ,  
t hen  so l ves  a l l  50-Hz tasks ,  and f i n a l l y  rou tes  t h e  program e x e c u t i o n  t o  t h e  
lower f requency t a s k .  
I n t e r r u p t s  
Two types o f  i n t e r r u p t s  w i l l  normal ly  occur d u r i n g  f l i g h t :  r e a l  t i m e  and 
t e l e m e t r y .  An i n t e r r u p t  causes a t r a n s f e r  t o  t h e  I n t e r r u p t  processor .  The 
i n t e r r u p t  processor  saves t h e  va r iab les  t h a t  were b e i n g  c a l c u l a t e d  by t h e  
i n t e r r u p t e d  program. A r e a l - t i m e  i n t e r r u p t  ( a l s o  known and f u n c t i o n s  as t h e  
so f tware  c l o c k )  occurs a t  p r e c i s e l y  a 50-Hz r a t e ;  a t e l e m e t r y  i n t e r r u p t  occurs 
a t  app rox ima te l y  a 1000-Hz r a t e .  
"Power o f f "  f o l l o w e d  by "power on" a r e  two o t h e r  I n t e r r u p t s  t h a t  con- 
c e i v a b l y  cou ld  occur d u r i n g  f l i g h t  f o r  some unplanned reasons. I f  these  unex- 
pected i n t e r r u p t s  occur,  t h e  sof tware i s  designed t o  c o n t i n u e  f u n c t i o n i n g  i n  a 
reasonable manner. 
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I f  a te lemet ry  i n t e r r u p t  occurs,  t h e  program executes a s u b r o u t i n e  t h a t  
r e s u l t s  I n  t h e  emission of a t e l e m e t r y  word. 
program executes t h e  r e a l - t i m e  i n t e r r u p t  program, a system program t h a t  p r o -  
v ides 1/0 s e r v l c i n g  and schedu l i ng  o f  t a s k  programs. 
For t h e  r e a l - t i m e  i n t e r r u p t  t h e  
Task Schedule/Task Table 
The t a s k  schedule scans t h e  t a s k  t a b l e ,  which c o n t a i n s  t h r e e  e n t r i e s  f o r  
each t a s k :  
(1)  Normal task  e n t r y  address 
( 2 )  Required t a s k  s o l u t i o n  p e r i o d  
( 3 )  Task s t a r t  t i m e  
The task  schedule uses t h i s  i n f o r m a t i o n  t o  execute a l l  so f tware  t a s k  programs 
a t  t h e i r  requ i red  frequency and w i t h i n  t h e  r e q u i r e d  t i m e  I n t e r v a l .  I n t e r -  
rup ted  tasks  have t h e  h i g h e s t  p r i o r i t y .  
Task O r g a n i z a t i o n  
A " t r e e "  s t r u c t u r e  i s  used t o  o rgan ize  t h e  t a s k s .  The tasks  a r e  grouped 
acco rd ing  t o  execu t i ve  p r i o r i t y .  
e n t r y  i n  t h e  task t a b l e .  
t h e  50-Hz tasks i n  o rde r  t o  save d u t y  c y c l e .  Thus o n l y  one c a l l  t o  t h e  50-Hz 
tasks appears on t h e  t a s k  t a b l e .  
Each task  on t h e  t r e e  must appear as an 
A 50-Hz d r i v e  i s  used t o  c o n t r o l  t h e  e x e c u t i o n  o f  
Adapt ion t o  Real Time 
I f  t i m e  i s  r e q u i r e d  by a so f tware  task  t o  any r e s o l u t i o n  f i n e r  than 
20 msec, an i n s t r u c t i o n  count i s  r e q u i r e d  o r  t h e  countdown r e g i s t e r  may be 
implemented. With t h e  countdown r e g i s t e r  d i s c r e t e s  can be i ssued  t o  a t i m e  
r e s o l u t i o n  o f  1.25 msec. 
S ince t h e  task  programs a r e  coded t o  be i n v u l n e r a b l e  t o  random i n t e r r u p t s  
and s i n c e  they  a r e  m i n i m a l l y  s e n s i t i v e  t o  changes i n  s t a r t  t ime,  t h e  t a s k  p ro -  
grams can be coded s e p a r a t e l y  as i f  t h e r e  were no t l m e  c o n s t r a i n t s .  The t e r m  
" i n s e n s i t i v e  t o  t i m e  changes" means t h a t  i f  a t a s k  e x e c u t i o n  i s  sk ipped 
because o f  a temporary ove r load ,  t h e  t a s k  w i l l  c o n t i n u e  t o  f u n c t i o n  p r o p e r l y .  
The task  schedules w i l l  compare a c t u a l  s t a r t  t i m e  w i t h  d e s i r e d  s t a r t  t i m e  and 
r e c a l c u l a t e  a new s t a r t  t i m e  i f  a temporary ove r load  occurs.  
I npu t /Ou tpu t  S e r v i c i n g  
The i n p u t / o u t p u t  s e r v i c i n g  s u b r o u t i n e  i s  executed every t i m e  a r e a l - t i m e  
i n t e r r u p t  occurs; i t  i n t e r f a c e s  DCU so f tware  w i t h  t h e  1/0 dev ices .  S ince t h e  
task  program i n t e r f a c e  w i t h  t h e  1/0 s e r v i c i n g  sof tware i s  f i x e d ,  t h e  func -  
t i o n a l  t a s k  sof tware reads t h e  a t t i t u d e  s i g n a l s  f rom t h e  r e s o l v e r  c h a i n  and 
t h e  most recen t  20-msec accumulat ion o f  v e l o c i t y  pu l ses .  The o u t p u t  so f tware  
s to res  t h e  des i red a t t i t u d e  vec to rs  i n t o  t h e  r e s o l v e r  c h a i n  i n p u t  l o c a t i o n s  
and i ssues  t h e  d l s c r e t e  r e g i s t e r  b i t  p a t t e r n  t o  e x t e r n a l  equipment. 
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Te 1 eme t r y Format t 1 ng 
A PCM telemetry system is used that results in the DCU words being inter- 
mingled with all other vehicle telemetry data. 
mately 10 percent of the PCM channel capacity, assuming that approximately 
1000 24-bit DCU words are telemetered per second. 
The DCU data consume approxi- 
The "fast" portion of the formatter establishes the frame marker and 
counter, approximately 16 out of the 18 data words. This fast portion is 
actually performed as part of the real-time interrupt service subroutine (I/O 
service). The fast formatter supplements the 1/0 service by assigning words 
to the remaining slots. To do this, it selects words from the lower frequency 
task buffers. The slow formatter moves the low-frequency task data from the 
current to the previous buffer, thus preparing these buffer tables for use by 
the fast formatter. Data from each task are moved at a different frequency; 
this means that the slow formatter need only be executed at the highest non- 
50-Hz task frequencies. 
Data Communication 
Intermodule data communication is through the data management module, a 
These data 
subroutine with multiple entry points. Its basic function is to load the 
task's input or output buffer with the appropriate dynamic data. 
are defined in the 1/0 requirements of the task's documentation. 
The buffer fill operation is protected by disarming the real-time inter- 
rupt during this vulnerable phase. Since the disarm/arm sequences occur under 
the control of the executing task, a coherent set of the latest available 1/0 
data is always guaranteed. Furthermore these buffers remain static throughout 
the execution period of the task (i.e., until the executing task requests the 
data management module to refresh them again on the subsequent cycle). 
Task Table Modifications 
During a flight it is sometimes necessary to enable or disable certain 
tasks, such as enabling the powered guidance task just after booster engine 
cutoff. Tasks can be enable or disabled by modifying the task start time. 
The frequency with which a task is executed is changed in flight by modifying 
that number on the task table. Also, a different portion of the task can be 
enabled by changing the task entry address. In general, task turnon, turnoff, 
or frequency change can be achieved by task table modification. Thus appro- 
priate use of the task table can facilitate this requirement and obviate the 
need for extra branches and flags. 
Functional Tasks 
The functional tasks performed by the DCU are coded In program modules. 
These modules are listed In the task table from which they are called by the 
executive for operation at the proper time to ensure correct module fre- 
quency. Some of the modules (e.g., navigation) operate throughout the flight; 
others (e.g., powered autopilot) are scheduled for only certain phases. The 
modules do not interface with each other. Date flow is controlled by the data 
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management p o r t i o n  o f  t h e  e x e c u t i v e .  
u l e s  f o l l o w s :  
A b r i e f  d e s c r i p t i o n  of some o f  t h e  mod- 
Navi  g a t  i on 
F u n c t i  ons To f u r n i s h  p o s i t i o n ,  v e l o c i t y ,  and a c c e l e r a t i o n  d a t a  t o  
guidance 
Method I n t e g r a t e  i n  t h e  t r u e  i n i t i a l  c o o r d i n a t e  system, hav ing  p r e -  
v i o u s l y  conver ted f o r  known p l a t f o r m  d r i f t s  
Guidance 
Func t ions  To determine t h e  s t e e r i n g  c o e f f i c i e n t  d a t a  f o r  o p t l m i z i n g  t h e  
t r a j e c t o r y  and t o  f u r n i s h  t h e  engine c u t o f f  t i m e  t o  t h e  
sequencer 
Method Assume a near-optimum l i n e a r - t a r g e t  s t e e r i n g  l aw  i n  p i t c h  and 
a c a l c u l u s - o f - v a r i a t i o n  s t e e r i n g  law i n  yaw 
S t e e r l n g  
Funct 1 on To f u r n i s h  t h e  d e s i r e d  v e h i c l e  a t t l t u d e  t o  t h e  p l a t f o r m  
r e s o l v e r  c h a i n  
Method Compute t h e  d e s i r e d  v e h i c l e  a t t i t u d e  f rom t h e  guidance- 
supp l i ed  s t e e r i n g  c o e f f i c i e n t s  
A l t i t u d e  r a t e  
F u n c t i o n  To f u r n i s h  r a t e  i n f o r m a t i o n  t o  t h e  powered- and coast-phase 
a u t o p i l o t s  
Method Compute t h e  t i m e  d e r i v a t i v e  o f  t h e  a t t i t u d e  e r r o r  s i g n a l  
Powered-phase a u t o p i l o t  
Func t i ons  To m a i n t a i n  c o n t r o l  s t a b i l i t y  d u r i n g  main-engine f i r i n g s  and 
t o  c o n t r o l  t h e  v e h i c l e  axes t o  t h e  d e s i r e d  a t t i t u d e  
Method Compute engine gimbal o u t p u t  commands by u s i n g  a t t i t u d e  e r r o r s  
and e r r o r  r a t e s  as i n p u t s  t o  c o n t r o l  laws 
Coast-phase a u t o p i l o t  
Func t 1 on To c o n t r o l  t h e  v e h i c l e  a t t i t u d e  d u r i n g  coast-phase maneuvers 
Method Command t h e  N2H4 a t t i t u d e  c o n t r o l  engines i n  t h e  on/of f  
mod e 
Booster  s t e e r i n g  
F u n c t i o n  To s t e e r  t h e  boos te r  i n  p i t c h ,  yaw, and r o l l  i n  an open- loop 
manner d u r i n g  ascent  through t h e  atmosphere 
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Method 
Pos t i  n j e c t i  on 
F u n c t i o n  
Met hod 
Sequencer 
F u n c t i o n  
Method 
Use po lynomia l s  I n  a t t i t u d e  t o  generate a t t i t u d e  as a f u n c t i o n  
o f  a l t i t u d e  
To p r o v l d e  s t e e r i n g  c o e f f i c i e n t s  t o  p o i n t  t h e  v e h i c l e  f o r  
s e p a r a t i o n  and retromaneuver 
Output r o l l  and p i t c h  axes p o i n t i n g  v e c t o r s  t o  t h e  r e s o l v e r  
c h a i n  
To generate d i s c r e t e s  f o r  sequencing o f  a l l  f l i g h t  events 
Perform v a r i o u s  t e s t s  t o  determine t h e  t i m e  t o  i s s u e  event  
d i s c r e t e s  o r  t o  accept o u t p u t  f r o m  s e l e c t e d  modules f o r  
module-dependent d i s c r e t e s  
Computer-contro l led v e n t i n g  and p r e s s u r i z a t i o n  system 
F u n c t i o n  To m a i n t a i n  p roper  l i q u i d  oxygen and l i q u i d  hydrogen tank 
pressure 
Method Mon i to r  t ank  pressures and command v e n t i n g  and p r e s s u r i z a t i o n  
va lves t o  f u n c t i o n  v i a  SCU s w i t c h  commands 
P r o p e l l a n t  u t i l i z a t i o n  
Func t i on To m a i n t a i n  a proper  r a t i o  o f  l i q u i d  hydrogen and l i q u i d  oxy- 
gen i n  t h e  tanks t o  p rec lude  a premature d e p l e t i o n  o f  one o r  
C h n  n+hnr -..- - 
Method Mon i to r  t h e  p r o p e l l a n t  r a t i o  e r r o r  s i g n a l  and command t h e  PU 
va lves t o  a p o s i t i o n  t h a t  w i l l  n u l l  t h e  e r r o r  
Queue 
F u n c t i o n  To r e s o l v e  any p o t e n t i a l  c o n f l i c t  o f  s imultaneous requests  f o r  
s w i t c h  a c t i o n  
Method Assign p r l o r i t i e s  t o  s w i t c h  requests  and command swi tches 
acco rd ing  t o  t h e  p r i o r i t i e s  
F l i g h t  Program V a l i d a t i o n  
The v a l i d a t i o n  o f  t h e  DCU sof tware ensures an e r r o r - f r e e  program. V a l l - -  
d a t i o n  checks t h a t  t h e  so f tware  meets t h e  des ign  requi rements,  t h a t  t h e  s o f t - -  
ware and hardware i n t e r f a c e s  a r e  c o r r e c t ,  t h a t  an adequate d u t y - c y c l e  marg in 
e x i s t s ,  and t h a t  t h e  so f tware  i s  f o r g i v i n g  I n  t h e  event  o f  l a r g e  hardware 
d i s p e r s i o n s .  
The v a l i d a t i o n  procedure c o n s i s t s  o f  two t e s t i n g  phases: a des ign  
e v a l u a t i o n  t e s t  and a des ign  acceptance t e s t .  The des ign  e v a l u a t i o n  t e s t  i s  
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p r i m a r i l y  a search f o r  weaknesses i n  t h e  des ign.  
s t ressed  t o  determine t h e  l i m i t s  and t o  v e r i f y  an adequate des ign  marg in.  
Th is  i s  accomplished by s i m u l a t i n g  and i n p u t t i n g  d a t a  r e p r e s e n t i n g  f a i l e d  o r  
seve re l y  dispersed hardware systems i n t o  t h e  so f tware .  
The so f tware  i s  seve re l y  
The second v a l i d a t i o n  t e s t ,  t h e  des ign  acceptance t e s t ,  i s  a fo rma l  p ro -  
cedure t h a t  v e r i f i e s  t h a t  t h e  program i s  e r r o r  f r e e  and q u a l i f i e d  f o r  
r e l e a s e .  
environment ( i . e . ,  3 6  d i s p e r s i o n  o r  combinat ions o f  d i s p e r s i o n s ) .  Th i s  t e s t  
v e r i f i e s  t h a t  the l o g i c  i s  coded c o r r e c t l y  and t h a t  t h e  program meets t h e  
des ign  requirements.  
The i n p u t  da ta  a r e  g e n e r a l l y  t h e  l i m i t s  o f  t h e  accep tab le  f l i g h t  
The v a l i d a t i o n  o f  t h e  DCU so f tware  i s  a m u l t i l e v e l  f u n c t i o n .  It f i r s t  
takes p l a c e  a t  the module l e v e l ,  where i t  r e s u l t s  i n  a l i b r a r y  o f  v a l i d a t e d  
modules. Modules may then  be combined i n t o  subsystems f o r  an i n i t i a l  check of 
t h e  module i n t e r f a c e s .  Th is  subsystem l e v e l  i s  n o t  p a r t  o f  t h e  fo rma l  v a l i -  
d a t i o n  procedure b u t  serves as an i n t e r i m  between t h e  fo rma l  module and p r o -  
gram v a l i d a t i o n .  V a l i d a t i o n  o f  t h e  i n t e g r a t e d  f l i g h t  program i s  then 
performed. F i n a l l y  a v e r i f i c a t i o n  i s  made u s i n g  t h e  t a r g e t e d  t r a j e c t o r i e s .  
Systems Management 
Centaur D1-A so f tware  i s  s u b j e c t  t o  c o n t r o l s  f r o m  module i n c e p t i o n  
through f l i g h t .  These c o n t r o l s  ensure t h a t  t h e  management o f  t h e  so f tware  
w i l l  be thorough and complete.  The Sof tware Review Board mon i to rs  a l l  DCU and 
CCLS so f tware  f r o m  i n c e p t i o n  on. This  board i s  made up o f  NASA Lewis, NASA 
Kennedy, General Dynamics, and Honeywell pe rsonne l .  
The change requi rement  system i s  a f o r m a l i z e d  procedure f o r  i n i t i a t i n g ,  
approv ing,  and r e c o r d i n g  changes t o  modules o r  programs. Change approval  i s  
r e q u i r e d  f r o m  the Sof tware Review Board c h a i r .  
When a DCU model has been v a l i d a t e d ,  i t  has a un ique check number 
assigned t o  i t .  
change w i t h  any change made t o  t h e  module. 
Th is  number i s  generated by t h e  suppor t  so f tware  and w i l l  
S i m i l a r l y  when modules a r e  assembled i n t o  a program, a un ique check num- 
ber I s  c a l c u l a t e d  f o r  t h a t  program c o n f i g u r a t i o n .  T h i s  number i s  s e n s i t i v e  
n o t  o n l y  t o  t h e  modules i n  t h e  program b u t  a l s o  t o  t h e  o r d e r  i n  which they  a r e  
assembled i n t o  the program. 
The resources c o n t r o l  process i s  a c o n t i n u a l  r e v i e w  by NASA Lewis and 
General Dynamics management o f  new DCU s o f t w a r e  requi rements t h a t  would use 
more s to rage  o r  d u t y - c y c l e  resources. The ga ins  achieved by implement ing 
these requests  are weighed a g a i n s t  t h e  e v e r - i n c r e a s i n g  l o a d  on t h e  DCU. 
rev iew  he lps  ensure t h a t  t h e  DCU resources a r e  used o n l y  f o r  t o t a l  D1 system 
improvements. 
T h i s  
CONCLUDING REMARKS 
The Centaur v e h i c l e  p r o v i d e s  t h e  o p e r a t i o n a l  advantages o f  a high-energy,  
l i q u i d - f u e l e d  upper stage, namely h i g h  s p e c i f i c  impulse,  m u l t i p l e  burns,  and a 
p r o p e l l a n t  l oad  t h a t  can be v a r i e d  t o  match m i s s i o n  requi rements.  Other 
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. advantages a r e  t h a t  i t  can be f l o w n  w i t h  o r  w i t h o u t  a boos te r  guidance system ( a s  done on t o d a y ' s  A t l as /Cen tau r )  and f e a t u r e s  f a u l t - t o l e r a n t  des igns and 
redundancy o f  c r i t i c a l  f u n c t i o n s .  
Cen tau r ' s  des ign  approach makes maximum use of s p a c e - q u a l i f i e d  hardware. 
I h e  p i e c e - p a r t  l e v e l s  f o r  t h i s  program were l i k e w i s e  e s t a b l i s h e d  t o  p r o v i d e  
c o s t - e f f e c t i v e ,  y e t  r e l i a b l e ;  space-proven components. The system environment 
and o p e r a t i n g  requi rements a r e  tho rough ly  analyzed and a r e  i n t e g r a t e d  i n t o  our 
r e l i a b i l i t y  a n a l y s i s .  R e l i a b i l i t y  analyses i n c l u d e  a f a i l u r e  modes and 
e f f e c t s  a n a l y s i s  and numer ica l  assessments. Se lec ted  redundancy, as d iscussed 
i n  t h e  a p p r o p r i a t e  subsystem design s e c t i o n s ,  was implemented t o  meet r e l i -  
a b i l i t y  requi rements.  
Achievement o f  a h i g h  l e v e l  o f  m i s s i o n  success depends on a f u l l  com- 
plement o f  requi rements and c o n t r o l s  p rov ided  by a comprehensive t e s t  and 
p r o d u c t  assurance program. These programs were developed and implemented 
s t a r t i n g  w i t h  t h e  T i t a n K e n t a u r  programs and now embrace a l l  d i s c i p l i n e s  
i n v o l v e d  i n  t h e  l i f e  c y c l e  o f  t h e  Centaur system. Our m i s s i o n  success program 
has suppor ted bo th  t h e  A t l a s  and t h e  A t l a s K e n t a u r  programs. Th is  common sys- 
tem approach ensures t h a t  a l l  program elements a f f e c t i n g ,  o r  hav ing  t h e  poten- 
t i a l  t o  a f f e c t ,  readiness t o  launch o r  m i s s i o n  success a r e  i d e n t i f i e d ,  
analyzed, and remedied th rough  a p p r o p r i a t e  c o r r e c t i v e  a c t i o n .  I t  ensures 
s h a r i n g  o f  lessons learned,  program v i s i b i l i t y ,  and a s i n g l e  f o c a l  p o i n t  f o r  
program and problem communication. 
Cen tau r ' s  m i s s i o n  success o r g a n i z a t i o n  c o n s i s t s  o f  t h r e e  elements:  c o r -  
r e c t i v e  a c t i o n ,  hardware rev iew,  and a u d i t  and vendor s u r v e i l l a n c e .  The c o r -  
r e c t i v e  a c t i o n  element o f  t h e  o r g a n i z a t i o n  p rov ides  the  p r o j e c t  w i t h  r a p i d  
i d e n t i f i c a t i o n  o f  problems; a s t rong,  e f f e c t i v e  f o l l o w u p  t o  c l o s u r e ,  w i t h  h i g h  
v i s i b i l i t y  o f  problems r e q u i r i n g  management a t t e n t i o n ;  and t h e  a b i l i t y  t o  
e s t a b l i s h  t h e  s t a t u s  o f  t o t a l  program hardware problems b e f o r e  an event .  The 
t h e  d i v i s i o n ,  t h e  p r o j e c t ,  and major c o n t r a c t o r s  and subcon t rac to rs .  The 
hardware r e v i e w  element e s t a b l i s h e s  t h e  ped ig ree  o f  r e l a t e d  hardware and veh l -  
c l e  assembl ies through mandatory independent r e v i e w  o f  documentat ion assoc i -  
a t e d  w i t h  b u i l d i n g  and t e s t i n g .  Anomalies a r e  reso lved  f o r  t h e  hardware o r  
a r t i c l e  b e f o r e  i t  i s  p e r m i t t e d  t o  proceed i n t o  i n v e n t o r y  use. The a u d i t  e l e -  
ment eva lua tes  t h e  degree o f  compliance w i t h  NASA Lewis '  program p o l i c i e s ,  
procedures,  and a p p l i c a b l e  t e c h n i c a l  requi rements f o r  process ing,  t e s t i n g ,  and 
acceptance. Both t h e  a u d i t  and vendor s u r v e i l l a n c e  elements r e p o r t  d e f i c i e n -  
c l e s  t o  t h e  Centaur management t o  ensure t h a t  e f f e c t i v e  C o r r e c t i v e  a c t i o n s  a r e  
implemented. The c o r r e c t i v e  a c t i o n  and hardware r e v i e w  elements a l s o  r e p o r t  
t o  t h e  At las/Centaur  manager. 
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W i t h i n  t h e  framework o f  system m a t u r i t y  changes a r e  c o n t i n u a l l y  eva lua ted  
t o  improve Cen tau r ' s  c a p a b i l i t y  and performance. Two f a c t o r s  d r i v e  t h e  con- 
t i n u a l  upgrading o f  Cen tau r ' s  hardware and so f tware :  
( 1 )  New technology accounts for improved e l e c t r o n i c  p a r t s ,  components, 
and techn iques .  
( 2 )  New m i s s i o n  requi rements demand increased c a p a b i l i t y  - f r o m  more com- 
p u t a t i o n  c a p a c i t y  t o  g r e a t e r  accuracy. 
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In summary, it has been the purpose of this report to identify and 
describe the unique aspects of the Centaur D 1 - A  system and to provide a quali- 
tative feeling for the different levels of effort involved. . 
A P P E N D I X  - 
AC 
A/D 
CCLS 
C C V A P S  
D C U  
IHG 
I /o 
I R U  
N P S P  
MECO 
MES 
PCM 
P U  
RCS 
RF 
RMU 
R S C  
scu 
SIU 
GLOSSARY OF ACRONYMS AND A B B R E V I A T I O N S  
Atlas/Centaur ( u s u a l l y  f o l l o w e d  by v e h i c l e  number) 
analog t o  d i g i t a l  
compu te r -con t ro l l ed  launch s e t  
compu te r -con t ro l l ed  v e n t i n g  and p r e s s u r i z a t i o n  system 
d i g i t a l  computer u n i t  
i n e r t i a l  measurement group 
i n p u t / o u t p u t  
i n e r t i a l  re fe rence  u n i t  
n e t  p o s i t i v e  s u c t i o n  p ressu re  
main-engine c u t o f f  
main-engine s t a r t  
p u l s e  code modu la t i on  
p r o p e l l a n t  u t i l i z a t i o n  
r e a c t i o n  c o n t r o l  system 
radiof requency 
remote m u l t i p l e x e r  u n i t  
range sa fe ty  command 
sequence c o n t r o l  u n i t  
s e r v o i n v e r t e r  u n i t  
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